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PUSH BUTTON PANEL controls opera- 
tions rapidly, even at remote locations. 








FLAT VACUUM PLATEN assures positive 
hold down of roll or sheet paper up to 12%” 
width. Plot area, standard 10x15”. 














PRINTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ink supply. 

Pen System—capillary action; splatter-proof. 
Point joiner available. 











engineered for ease of operation...new 


NTERCHANGEABLE MODULES add ver- 
satility...interchange with basic control 
section. © 


point plotting or continuous trace 











Slimmer, flatter, push-button fast... Librascope’s 
newest, most advanced plotter is the result of per- 
sonally-conducted field research by Librascope 
engineers. Compact design permits rack 
mounting in groups, saves desk space. 
Many new conveniences have been added 

to answer your needs. 


OPERATING INFORMATION 


INPUT SENSITIVITY: .5 millivolts per inch 
to 50 volts per inch with calibrated push 
button scales at .5, .1, 5, 10 and 50 milli- 








POWER: 115-volt, 60 cycle 
—180 watts 

INPUT: X and Y inputs 
isolated from each other and 
from ground. 

INPUT RESISTANCE: 
2 megohms nominal on 
most scales. 1 megohm per 
volt on .5 millivolts per inch 
to .1 volts per inch scales. 





volts per inch and.1, .5, 1,5 and 10 volts per 
inch. Vernier controls permit continuous sen- 
sitivity adjustment between fixed scales, per- 
mitting full scale plotting for any sensitivity. 

ACCURACY: Static .1%, dynamic .2% at 10” 
per second. 

PLOTTER CALIBRATION ACCURACY: 
.05% on all scales. 


SLEWING SPEED: 20” per second. 
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Snap-lock action of Burndy coax HYFEN 
connectors recommends them for 

many applications. Contacts may be installed 
on cable wherever convenient and then 
snapped in or out as required. 

These connectors are now 

in use in critical circuits 


ME7X 

«»»- Rack-and-panel Coax 
HYFEN with one-piece 

die-cast shell and one- 
plece block. Mates with 
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COAX MODULOK 
.-eModular terminal 
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CONNECT QUICKLY 

..- high speed tooling for 
volume production results 
in low installed costs, 


CONNECT EASILY 
«.-Ssnap-lock action and 
simple design with few 
parts make installation 
easy -— tool crimps 
contacts in any 
circumferential position. 


CONNECT RELIABLY 
.--tool-controlled crimp 
provides strain relief 
for conductors, 
guarantees a uniform 
indent for measurable 
quality control. There is 
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newest principle 
...fOr monitoring 
...regulating 
..-controlling 


new CRMR meter-relay offers continuous indication, con- 


tinuous control utilizing the simplest control system ever 


The new CRMR (short for Continuous-Reading Meter-Relay) 
permits you to perform minor miracles in simplifying control 
circuitry. A new toggle-contact principle gives full-scale in- 
dication at all times with immediate, non-cyclic control re- 
sponse. An unrestrained D’Arsonval movement gives high 
sensitivity and versatility to measure any electrically-measure- 
able variable. 

The entire system consists of the CRMR and a load relay. 
Interrupters are eliminated. So is their associated circuitry. 
Reset is instantaneous and automatic. 

Because of the exclusive API booster coil, contacting action 
is fast, firm and virtually without “dead zone.” Control per- 
formance is uncompromisingly reliable. 


THE COMPLETE STORY in pictures 
a clear, graphic presentation of the 
CRMR and associated circuitry is pro- 


vided in Bulletin S-2. 


SEND FOR YOUR COPY 
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YARDNEY 
SILCAD* 
BATTERIES 


Only % the size, % the weight of ordinary 
nickel-cadmium and lead-acid batteries 

. yet rugged enough for the most ad- 
verse conditions! 


This is one reason industry is now de- 
signing with the long-life, maintenance- 
free YARDNEY SILCAD — economical, 
compact, rechargeable power for mis- 
siles, rockets, satellites and drones... 
for guidance, control, telemetering, 
storing energy supplied by solar energy 
converters . . . for such airplane and 
helicopter applications as engine start- 
ing, emergency lighting, power and 
communications. ..for portable ground 
power...and numerous commercial 
applications. 


ELECTRIC 
CORP. 


‘Pioneers in Compact Power” ® 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK 
Patents granted and pending. 
C)1959 by Yardney Electric Corp. 
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COMPONENTS DIGEST SCHEDULE FOR 1960 


Many readers interested in contributing information to our Components Digests 
have asked for a schedule of topics to be covered in 1960. Here is a tentative 
schedule based on a survey of reader interest. Also included, but not scheduled, 
will be supplementary information on Components Digest topics covered in 
1959, to bring them up to date. The general purpose of these Digests 1s to 
organize information on well defined clas es of components and subsystems to 
give electromechanical engineers state-of-the-art knowledge on equipment they 
will be specifying. 


Jan. Audio Amplifiers I & II, Transistor Amplifiers 
Feb. Resolvers & Sine-Cosine Pots 
March Clutches 
Apr. Audio Amplifiers III, Magamps 
May Materials II, Insulations 
June EM Systems Packaging 
July Infrared and Photodetectors 
Aug. Hydraulic Components I, Servo Valves 
Sept. Read-Out Devices 
Oct. Small Analog Computers 
Gyros & Accelerometers 


Relays 


Components Digest XI “Audio Amplifiers” introduces 
Martin Glasberg, Contributing Editor on our Staff. In 
this Digest, Martin will give electromechanical engi- 
neers information they need for evaluating and select- 
ing packaged audio amplifiers. Parts I and II in this 
issue cover principles of operation of the various types 
of audio amplifiers and a detailed discussion of tran- 
sistorized units. Part III, scheduled for the April issue, 
will include magnetic amplifiers and a summary of 
manufacturers data on audio amplifiers in general. 
Martin is a Project Engineer at the Research Division of the United Shoe Ma- 
chinery Corp., in Beverly, Mass., engaged in the automation of shoe machinery 
and similar servo problems. He has worked on dynamic analysis for United 
Shoe’s Atomic Power Dept., data processing for the Kimball Co., a United 
Shoe Subsidiary, and has been responsible for developing an extremely accurate 
programmer for the PLATO Electronic Beam Scanning System. He has also 
worked on fire control problems at the MIT Instrumentation Laboratory and 
the Weapons Guidance Laboratory at WPAFB. He received a Bachelor of 
Science and Master of Science Degree at Massachusetts Institute of Technolo- 
gy. Martin’s point of view in reporting will be to present ideas on a practical 
level emphasizing physical rather than abstract reasoning. With this approach 
he proposes to apply modern mathematical tools in digestible form to give the 
reader a clearer understanding of the operating principles of the equipment 
reported. 


Kobud (3. Bisehals 


EDITOR 


ELECTROMECHANICAL DESIGN 




















PUNC 
Cony 


Trimpot 
Here an i 
screws u 


This vibr 
Mil-Spec 
Sive eq 
Assuran 


Exclusi 


JANUARY 














PUNCHED CARDS ARE USED TO TABULATE BOURNS RELIABILITY DATA FROM - 
Complete Quality Control Like This.. 


Trimpot reliability starts at the beginning. 
Here an incoming lot of potentiometer lead- 
screws undergoes a dimensional check. 


This vibrator for measuring conformance to 
Mil-Specs is an important part of the exten- 
sive equipment in Bourns Reliability 
Assurance Laboratory. 


From the time the element is wound until 
the lid of the potentiometer is installed, in- 
process inspection monitors quality. 


And Reliability Assurance Tests Life 71 


This chamber subjects potentiometers to 
standard military tests for humidity, pro- 
vides important feedback on product per- 
formance. 


When tests are completed and the results 
tabulated, Bourns engineers plot frequency 
distribution curves from the steady flow of 
test results. Analysis of these curves and 
other data from testing provides a continu- 
ing check on all models to see that they meet 
the most exacting standards of performance. 
This analysis and the constant flow of in- 
formation between the Testing and 
Production departments is your assurance 
that the Trimpot potentiometers you specify 
and purchase will meet specifications. 


Write for the new 8-page folder describing 
the Bourns Reliability Assurance Program 
and a copy of the Trimpot Summary Bro- 
chure. 


100% final inspection is made possible by 
this exclusive high-speed system developed 
by Bourns to test all major electrical charac- 
teristics. Critical dimensions of each unit are 
also checked. 


1000-hour load life testing per Mil-R-19A 
takes place in ovens like this, which hold 
temperatures at desired levels at full rated 
power. 


Exclusive manufacturers of TRIMPOT®, TRIMIT®. Pioneers in potentiometer transducers for position, pressure and acceleration. 
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HALL VOLTAGE 


Fig. 1 To put the Hall effect to work, Westinghouse de- 
veloped a Hall Generator, which consists of a thin wafer of 
InAs and is essentially a solid state mu!'tiplying element that 
provides an output voltage proportional to the product of 
the current passing through it and the field perpendicular 
to it. It is possible to have an output from the Hall generator 
with only control current applied. This output, called the 
null voltage, is due to the fabrication difficulties encountered 
in connecting the Hall output leads to the generator. The 
magnitude of this null voltage depends upon the magnitude 
of the control current and how closely the output leads are 
connected to equipotential points on opposite sides of the 
generator wafer. The fact that the characteristic curves of 
Figure 2 do not pass through the origin illustrates the effect 
of the null vo‘tage. It is also possible to have an output from 
the Hall generator with only a field applied, if this field is 
varying. This voltage may be induced in the output by flux 
linking the output leads. It can be minimized, however, by 
making the plane of the loop, formed by the output leads, 
parallel to the field, as illustrated above. 
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GS - ivre@Q e683 464 7 82 2 WB 
MAGNETIC FIELD IN KILOGAUSS 
Fig. 2 Hall output (Vu) vs. flux density (b) for constant 


control currents (1.). Note that the above relationship does 
not deviate in linearity by more than 0.5%. 
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APPLICATIONS OF THE HALL EFFECT 


Watt Measurement With A Hall Multiplier 





A physicist, E. H. Hall, discovered in 1879 that when 
a conductor through which a current is flowing is 
placed in a magnetic field, a potential difference is 
generated between the two opposed edges of the 
conductor in a direction mutually perpendicular to 
both the field and the current. Due to the small 
magnitude of this potential, the Hall effect has for 
many years been merely of academic interest. De- 
velopment of very high mobility semi-conductor com- 
pounds, such as indium-arsenide (InAs) and indium- 
antimonide (InSb) which produce a useful Hall po- 
tential, has made possible practical applications of 
this phenomenon. 

One such application is a portable instrument that 
can measure the intensity of a magnetic field and the 
distribution of the field in an air gap. The develop- 
ment of this device, manufactured by Messrs. Siemens 
and Halske, Erlangen, Germany, is described in 
“Magnetfeld-Messgerat Mit Hall-Sonde” published in 
Elektrotechnische Zeitschrift-B, 1958, No. 7. Another 
application is a watt transducer, whose basic element 
is a semiconductor Hall multiplier. 











The basic problem of watt measurement involves finding a 
device or combination of circuit elements that will produce 
an output proportional to the product of two inputs. In the 
past, three basic multiplying devices have been employed 
to measure watts: the electrodynamometer mechanism; the 
induction-disc mechanism; and the thermal-converter cir- 
cuit. The electrodynamometer and induction-disc use elec- 
tromechanical elements while the thermal-converter makes 
use of static circuit elements. The principles and design 
considerations in the development of a Hall multiplier that 
will serve as a watt-measuring device were presented in a 
paper by Mr. T. Barabutes and Mr. W. J. Schmidt of 
Westinghouse Electric, East Pittsburgh, Pa., at an ATEE 
conference last spring. Westinghouse now announces the 
watt meters are in production. 


HALL GENERATOR 


The principles of the Hall generator are described in Fig. 
1. The multiplying characteristics of the generator are 
shown by the equation: 


Vu = RI, bx 10°8/d (1) 
where 
Vy = instantaneous Hall voltage in volts. 
R = Hall constant in ohm cm*/coul. 
I. = instantaneous control current in amperes. 
b = instantaneous flux density in gauss. 
d = thickness of Hall generator in cm. 


The Hall constant is dependent upon factors such as the 
mobility of the semi-conductor material and the length to 
width ratio of the semiconductor wafer. Fig 2 shows the 
relationship of the Hall constant to flux density. Equation 
(1) shows that the output voltage is inversely proportional 
to thickness. This is due to the fact that the internal re- 
sistance of the wafer is inversely proportional to the cross- 
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Fig. 3 Variation of Hall Constant with - 
temperature for InAs and InSb. At : 
normal ambient temperatures, the Ha’l /-saeneeene ems 


constant for InSb is more than twice 
that for InAs, however, Westinghouse 
chose InAs because its rate of change 
with temperature is 0.02% per °C as 
against 1.3% per °C for InSb. 
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Fig. 4 Resistivity of InAs and InSb vs. 
Internal 
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Fig. 5 Magnetoresistance effects in the 
Hall generator cause changes in the in- 
ternal resistance in response to changes 


S| | | sin the density of the applied field. The 


ratio of the resistance at a given flux 
density to the resistance at zero flux 
density vs. flux density is plotted above. 
At a flux density of 10,000 gauss, the 
internal resistance is approximately 
50% greater than the value at zero 
fie'd. This variation is important be- 
cause of its possible effect on the ex- 
ternal circuitry. 


150 200 
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sectional area. Analysis of these facts indicates the power 
output capabilities of the element is also inversely pro- 
portional to wafer thickness. However, the minimum thick- 
ness is limited by mechanical considerations. The two 
characteristics of the Hall element which are influenced by 
changes in temperature are the Hall constant and the re- 
sistivity of the semiconductor material. Curves showing 
the variations of these characteristics with temperature are 
illustrated in Figs. 83 and 4. Changes in the internal re- 
sistance due to changes in the applied field are plotted 
in Fig. 5. 

THE HALL MULTIPLIER 


Figure 6 illustrates the basic components of a Hall multi- 
plier. The control current (I.) is applied directly to the 
generator while the magnetic field in the air gap of a “C” 
shaped magnetic structure is produced by a current Iy. If 
the magnetic structure acts linearly, the flux density in 
the air gap will be given by 


b=K,I, (2) 
where K, = constant of proportionality depending on the 
design of the magnetic structure 
Substituting equation (2) in equation (1) yields 
Vu = Ko I, I. (3) 
where K, = K,; (Rx 10-8/d), a constant depending upon 
the parameters used in the design of the various 
elements. 


The development of equation (3) shows that the device 
will produce an output voltage proportional to the product 
of two input currents. The maximum energy output ob- 
tained is determined by the maximum control current rating 
of the generator and the maximum flux density designed 
in the field structure. A 10,000 gauss field and a control 
current of 0.5 ampere will produce approximately 30 milli- 
watts of output power across a matched load. Methods of 
compensating for variations of the generator characteristics 
are discussed in Figs. 6 and 7. 


HALL WATT TRANSDUCER 


An ideal application for the Hall multiplier is the measure- 
ment of a-c power. Figure 8 shows how the multiplier is 
connected to perform this measurement. The field is ener- 
gized by the current in the line, and the control circuit is 
energized by the line voltage. The resultant output from 
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Fig. 6 Since the heart of the multiplier is the Hall generator, 
the problems imposed by the generator characteristics dictate 
the design of the device. An increase in ambient temperature 
decreases the Hall constant and increases the internal resis- 
tance of the generator. Both results tend to reduce the out- 
put voltage. If it is important to make the output of the 
multiplier independent of temperature, some form of tem- 
perature compensation is required. Since the device is a true 
multiplier, this compensation may be applied in any one 
of the three circuits. Compensation in the circuit producing 
the field might take the form of a temperature responsive 
magnetic shunt across the air gap. Addition of a thermistor 
circuit in series with either the control or output circuit will 
also provide effective compensation. Magnetoresistance ef- 
fects may be minimized by making the external resistance 
in the output and control circuits as large as possible, and 
by operating the magnetic circuit at the lowest possible flux 
density consistent with the desired output. An induced vol- 
tage, due to a-c magnetic fields, may be nullified by a single 
turn coil arranged to link an adjustable amount of the field’s 
leakage flux and connected in series opposition with the 
output leads. If only the d-c component of the output voltage 
is of interest this compensation would not be needed. 
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Fig. 7 Null compensating circuit introduces a bias vo!tage in 
the multiplier output proportional to the control current. 
The null voltage characteristic of the generator appears as a 
component in the output and is related to the control cur- 
rent only. Whether or not compensation is required will 
depend upon the application of the mu'‘tiplier. No com- 
pensation is needed if the control current is an a-c quantity 
and only the d-c component of the output is of interest, or, 
if the control current is a d-c quantity and only the a-c 
component of the output is of interest. 


the transducer is proportional to the power being delivered 
by the a-c circuit. The conditions may be expressed mathe- 
matically by the following equations: 


I, = Kg I, (4) 
I. = K,e, (5) 
where 
I,, = instantaneous line current 
e;, = instantaneous line voltage 
K, & K, = constants of proportionality 
Substitute equations (4) and (5) in equation (3) 


Vir = Ky Kg Ky I, ey, (6) 

Assume that the line voltage and current are given by: 
I, = Imax Sin (wt + 6) (7) 
Cr, = Emax Sin wt (8) 


Substitute (7) and (8) in equation (6) and expand 
Viz = Ke Kz K,[(ImEm/2) cos 0 
—(ImEm/2) cos (2wt + 6)] (9) 
Since the frequency response of the Hall generator is in 
the order of one megacycle, the output will follow the 
instantaneous power wave which is expressed mathemati- 
cally by equation (9). Inspection of this equation shows 
that the transducer output contains two components; a d-c 
term, I,,,E,, cos 9/2 and an a-c term, I,,E,, cos(2wt + 6) /2. 
The d-c term is proportional to the true power in the a-c 
circuit aad is, therefore, a measure of this power. 


TRANSDUCER WATTMETER 


Westinghouse Electric’s self-contained polyphase _ watt- 
meter consists of a d-c instrument mechanism and a Hall 
watt transducer. The transducer develops a d-c voltage 
proportional to the watts represented by the current and 
voltage applied to the wattmeter terminals. This d-c volt- 
age operates the d-c instrument. Figure 9 shows the Hall 
generator element and a view of the polyphase wattmeter 
with the case removed. In this design the magnetoresistance 
effects were minimized by making the contro] circuit and 
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LINE 


Fig. 8 Hallwatt transducer connected to measure single phase 
power. To extend its application to polyphase power meas- 
urements, two or more such devices may be used with their 
Hall outputs connected in series. 





Fig. 9 Transducer wattmeter and Hall generator element. 


output circuit resistances large with respect to the internal 
resistance of the generator, and by operating the magnetic 
circuit at low flux densities. Overall temperature compensa- 
tion was achieved by adding a thermistor circuit in series 
with the transducer output. Since the input quantities are 
a-c, and a d-c instrument is used for indication, no com- 
pensation for the induced and null voltages was required. 
Similarly, the a-c component of the Hall output is averaged 
by the d-c instrument and therefore, does not effect the 
indication. 

In addition to its inherent advantage of being truly 
static, the new watt-measuring device features small size, 
instantaneous response, low internal impedance and simpli- 
fied circuitry. 

Two versions of the watt transducer have been designed: 
the first produces an unfiltered d-c current output in the 
milliampere range; the second produces a filtered d-c mili- 
volt output. The first version is used for driving direct- 
acting external instruments, or control windings of mag- 
netic amplifiers, where there is no sensitivity to a-c ripple. 
The second is applied where control devices, telemetering 
transmitters, or potentiometric recorders must have a d-c 
signal relatively free of ripple. Both versions are made for 
single-phase, three-phase three-wire, and three-phase four- 
wire application. 

Circle No. 77 on Inquiry Card 
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Squirrel Cage Motor Starters 


600 volts maximum, three pha‘e, across-the-line starters are 
designed to provide magnetic reversing and full voltage 
starting of squirrel cage motors. Starters consist of two me- 
chanically interlocked three-pole contactors each with nor- 
mally open control circuit interlock. One model includes 
two thermal overload relays for removing the motor from 
the line in the event of an unsafe overload. Clark Controller 
Co., Cleveland, Ohio. 


Circle No. 132 on Inquiry Card 


Miniature Analog Computer 


Weighing just 23 pounds, a 10 amplifier full-fledged analog 
computer is said to be the smallest ever made. The com- 
puter solves up to seventh order differential equations or 
ninth degree Leplace transforms. For solving more com- 
plex problems, up to three computers can be slaved to- 
gether for 10, 20, or 30 amplifier operation. 

Besides the 10 amplifier channels, a complete computer 
includes a null voltmeter, five pots for coefficients or ini- 
tial conditions, all the necessary power supplies and con- 
trol circuitry. Measuring only 5% inches high, 19 inches 
wide, and 10% inches deep, the computer can be con- 
veniently operated on desk tops and with removal of a 
few screws, the problem board tilts up for rack mounting. 

Extremely flexible, the computer, by patching at the 
problem board, can be converted to a power supply, low 
frequency signal generator, voltmeter, and a tester of 
vacuum tubes, diodes and transistor characteristics. Donner 
Scientific Co., Concord, California. 


Circle No. 203 on Inquiry Card. 


High Temperature Transistorized Servo Amplifiers 


Three new models of 400 cps servo amplifiers with power 
output capabilities of 3.5, 6.2 and 9.3 watts at 40 volts rms 
feature all silicon transistors for high temperature reliability. 
An outstanding characteristic is that without any type of 
heat sink mounting they are capable of delivering rated 
power continuously in an ambient temperature of —55C to 
+100C. They are designed to drive any standard size servo 
motor with a 40 volt center tapped control winding. Other 
design features are: stabilized stages to prevent thermal 
runaway, internal negative feedback to insure minimum 
a-c gain variation ,and a negative overall feedback connec- 
tion to adjust gain to a desired level. All units operate from 
a 28 volt d-c power supply, have a 10,000 ohm input im- 
pedance, and are fully potted and hermetically sealed. Mag- 
netico, Inc., T. A. Div., East Northport, N. Y. 


Circle No. 133 on Inquiry Card 


1000°F Aluminum Wire 


Newly developed 1000°F boron-free aluminum wire is 
ideally suited for high temperature and nuclear radiation 
environments. The wire is insulated with boron-free 
ceramic, tradenamed “Durock”. Important characteristics: 
cross section capture—less than 18 barns; porosity—mois- 
ture resistant after 3 hours at 1000°F, non-hygroscopic; 
tensile strength—in excess of the bare conductor; low tem- 
perature—operating at cryogenic levels; migration—none 
between conductor and ceramic; thermal shock—impervious 
to 800°F instant thermal air shocks; wire sizes—4 to 100 
mills. Technical Industries Corp., Pasadena, Cal. 
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HIGH TEMPERATURE 
PNEUMATIC ACTUATORS 


Application of Nutating Disc Motor 
to A 1200°F Design 


Ability of pneumatic actuation systems 
to operate at extremes of temperature 
make them attractive for many appli- 
cations. Techniques for system stability 
and methods of coping with low bulk 
modulus have been established. Actua- 
tion by means of various types of pneu- 
matic motors at elevated temperature 
has ‘been demonstrated. In particular, 
the nutating disc type positive displace- 
ment pneumatic motor is applicable to 
high temperature environments and 
high response requirements. 

These were the summary remarks of 
W. J. Koerner, Project Engineer of the 
Marquardt Corp. in a paper on “High 
Temperature Pneumatic Actuators”, 
presented at the October SAE Na- 
tional Aeronautic Meeting in Los An- 
geles, Cal. Mr. Koerner confined his 
discussion to the direct type of pneu- 
matic systems, which use available 
energy from ram air or compressor 
bleed air and multiply this by motor 
and mechanical means at the actuator 
to the force level required. 

Discussing some advantages of pneu- 
matics at high temperatures, he pointed 
out that an elemental gas, such as air, 
is thermally stable throughout the 
entire working temperature range. 
Lubricity and bulk modulus remain 
essentially constant. At elevated tem- 
peratures, air has higher viscosity than 
most hydraulic fluids (see Fig. 1). The 
narrow viscosity range of air over a 
wide temperature range is important, 
Koerner said, because the more con- 
stant fluid metering reduces variations 
in control characteristics with changes 


in temperature. He attributed the 
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Fig. 1—Viscosity of air vs. hydraulic 
fluid as a function of temperature. 
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present promising position of pneu- 
matics primarily to three important 
contributions: 

@ Advanced system stability _ tech- 
niques and methods of overcoming the 
low bulk modulus (high compressi- 
bility) of this media. 

e Advent of efficient positive displace- 
ment air motors capable of sustained 
operation at high temperatures. 

@ Important recent advances in the 
development of high temperature ma- 
terials. 


STABILIZATION TECHNIQUES 


Proven stabilization techniques, Koer- 
ner said, are now being used in highly 
reliable pneumatic actuation systems. 
One of the most important of these, 
he said, was developed by J. L. Shearer 
of M.I.T. It uses plenum chambers or 
additional volumes of air isolated from 
the servo actuator piston or air motor 
chamber by restrictors. A typical con- 
figuration is shown in Fig. 2. These 
chambers smooth the response and im- 
prove system stability by absorbing 
high frequency oscillations. Sizing of 
the restrictors, as well as the plenum 
chamber volume, is determined by 
“tuning” the loop to obtain the de- 
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temperature pneumatic air motors 


sired damping with the loads, masses, 
spring constants, volumes and dimen- 
sions fixed. This restrictor-chamber 
combination is called a “transient flow 
stabilizer” since pressure drop occurs 
across the restrictor only during tran- 
sients. 


POSITIVE DISPLACEMENT AIR MOTOR 


Results of an early evaluation by the 
Marquardt Corp. of several types of 
air motors considered for high tem- 
perature use are summarized in Fig. 3. 
As indicated by this table, an air motor 
based on the principle of the nutating 
disc appears promising for use in a 
high temperature pneumatic actuation 
system. Absence of complex valving in 
this type of motor assures high reli- 
ability, Koerner said. 

To describe the nutating disc princi- 
ple he showed how it is exemplified in 
the common domestic water flow meter. 
The movable element in this type of 
motor is a flat disc attached to a cen: 
tral sphere and mounted in an annular 
chamber which has a spherical side- 
wall bounded by conical upper and 
lower surfaces. The plate is prevented 
from rotating about its own axis such 
that when subjected to a differential 
pressure, a nutating motion is executed. 
Rotary power is obtained by means of 
a “Z” crank. 

In this type of non-expansion posi- 
tive displacement motor, output torque 
is a direct function of the volumetric 
displacement and differential pressure 
across the disc. The air weight flow 
increases at essentially a constant rate 
with speed and is directly proportional 
to the differential pressure. 

Koerner summarized the qualities of 
the nutating disc motor as follows: 

@ High performance and high eff- 
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ciency throughout a wide range of 
inlet pressures, temperatures, speeds 
and loads. 

@ Rapid reversing operation and high 
frequency response capability. 

@ Less air consumption in stall or 
brake condition. 

@ Rotational speed compatible with 
driven device. 

@ High stall torque. 


MATERIALS 


Koerner listed several necessary con- 
siderations to be taken into account in 
selecting materials for long duration 
hot gas actuation systems. 

@ System loads, their method and 
rate of application and their variations 
with temperature. 

@ Strength to weight ratio at operat- 
ing temperatures with special consider- 
ation for creep, deflection, package 
size, etc. 

@ Compatibility with environment. 
For example, oxidation, nuclear radia- 
tion, etc. 

@ Friction and wear characteristics. 

@ Coefficients of thermal expansion. 
@ Thermal conductivity and _ emis- 
sivity. 

@ Ease of fabrication. 

Referring to Fig. 4 showing ma- 
terial usability versus temperature 
range based on 1000 hour rupture 
stress, he pointed out that cobalt base 
and other super alloy metals are of 
primary importance for design at tem- 
peratures around 1200F. But, he 
warned the conventional “super alloy” 
list for high temperature service must 
be considerably abbreviated for actua- 
tor design. He reported that Marquardt 
is presently using the following alloys 
successfully in applications for con- 
tinuous operation with 1200F gas tem- 
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peratures: A286, S816, Haynes Stellite 
#3, #16, #19, 6B and #25 Alloy, 
M252, J1570, Udimet 500 and Ti- 
tanium Carbide. 

While basic stress rupture data such 
as presented in Fig. 4 are available to 
the designer, dynamic data are lacking, 
Koerner said; literature surveys in the 
field of high temperature wear and 
friction properties reveal a definite lack 
of data applicable to the wear prob- 
lems in high temperature, non-lubri- 
cated machine design. The most des- 
perate need and that which is present- 
ly limiting the growth of high 
temperature pneumatic actuation sys- 
tems, he said, is high temperature 
wear and friction data. A comprehen- 
sive basic research program is needed, 
he said, to determine as closely as 
possible the mechanism of wear and 
optimum material combinations. 


ACTUATOR DEVELOPMENT 


An air motor actuator presently under 
development at Marquardt for use in 
a 1200F direct ram air system is shown 
in Fig. 5. Its general characteristics 
are adaptable for flight control or other 
airborne actuation requirements. The 
prime mover is an opposed pair of 
nutating disc motors operating 180° 
out of phase. Mechanical ratio is such 
that for each inch of actuator rack 
travel, the motors rotate five revolu- 
tions. 

Materials were chosen for nearly 





equal thermal expansion coefficients, 
adequate oxidation resistance, strength, 
no unreasonable fabrication difficulties, 
and where applicable, adequate fatigue 
strength and hot hardness. The most 
serious lack of data during design, 
Koerner said, was that pertaining to 
rolling contact fatigue stresses and wear 
data for the anti-friction bearings and 
gears. 
Anti-Friction Bearings. A material with 
good hot hardness retention at 1200F 
was needed for the bearings. Hertz 
compressive stresses are in excess of 
200,000 PSI for reasonable sized bear- 
ings. The best choice appeared to be 
one of the more specialized of the 
cobalt base materials. Data was not 
available on the surface fatigue proper- 
ties of these alloys at 1200F, however. 
Available hot hardness data and room 
temperature properties directed the 
use of Haynes Stellite #3 for both the 
bearing races and rolling members, 
despite its slightly lower hardness at 
1200F than that of some of its sister 
alloys. 
Gears. High gear tooth loads and gear 
size limitations necessitate Hertz com- 
pressive stresses of 20,000 PSI and 
tooth bending stresses of 50,000 to 
60,000 PSI. This required a material 
with good hot hardness retention but 
with greater ductility than Haynes #3, 
especially because of an imposed 10G 
vibrational load. The best available 
material was Haynes Stellite 6B, which 
is a wrought, cobalt-base material with 
compatible expansion characteristics. 
Available data indicated the high tem- 
perature wear resistance of 6B to be 
good, 
Housing And Structure. The air motor 
housing, crank shaft, and most of the 
structural parts of the machine were 
made of alloy S-816. It is available in 
cast and wrought form, it has good 
strength properties at 1200F, its ther- 
mal expansion characteristics are com- 
patible with the bearing material, 
Stellite #3, and it is machineable with 
newly established techniques. 
Lubrication. No lubrication system was 
provided. At the ttme of design, Mar- 
quardt could find no proven lubrication 
tion method which would allow operat- 
ing temperatures of 1200F. Recently, 
however, Koerner said, the possibility 
of beneficial lubricating properties of 
several solids and gases at temperatures 
above 1000F have been indicated. 
Testing. The unit was tested in a hot 
box with 1200F environment and 
1200F driving air. The rack was re- 
moved and steady state output torque 
at rated speed was reacted and meas- 
ured through a dynomometer attached 
to the last gear stage shaft. It oper- 
ated at this temperature for several 
hours at rated loads and speeds. 

Circle No. 78 on Inquiry Card 
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COMPONENTS DESIGN 


PRINTED CIRCUIT ADVANCE 


New Copper Paste For Screen Printing 
Circuits On Ceramic 


A new method for producing printed wiring directly on 
ceramic bases without the use of adhesives has been de- 
veloped by A. W. Treptow and Miss Lucille Finneran of 
Bell Telephone Labs. Basis of the new process, which uses 
standard silk screening techniques for forming the pattern, 
is a specially formulated copper-bearing paste. Following 
the printing of the desired pattern on the ceramic base, 
the piece is fired in a two-step process, resulting in a clean, 
durable pattern with excellent electrical characteristics. 

In present methods of production, a sheet of copper foil 
is usually bonded to the ceramic or plastic base with an 
adhesive. The desired pattern is then produced by one of 
several methods usually involving the removal of unde- 
sired material. The bond of the copper to the base thus is 
dependent on the strength of the adhesive. Often, it fails 
during subsequent processing operations, such as soldering 
or assembly. 





A. W. Treptow and Miss Lucille Finneran, Bell Te’ephone 
Labs, examine the screen printed pattern produced using 
a newly-developed copper paste for circuits printed directly 
on ceramic bases. The new method has the advantage that 
it requires no adhesive to bond the copper pattern to the 
ceramic. Bond strengths are over 2000 pounds per square 
inch, and do not fail under dip soldering conditions or 
during assembly operations. It should be competitive in 
cost with conventonal printed wiring techniques. 


Good bonds can also be developed when fired silver or 
fired molybdenum is used on ceramic bases. Silver is more 
costly than copper, dissolves more quickly in molten solder 
and, under some conditions, is subject to migration and 
whisker growth. Molybdenum compositions are high in 
electrical resistivity and generally require electroplating to 
render them solderable and to improve the conductivity. 

With the new process, a paste is prepared from a finely 
ground mixture of copper oxide and a special glass frit, 
blended with a standard silk screen printing vehicle. The 
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aste is used to print the pattern on the ceramic, and the 
card” is heat-dried to remove solvents. After drying, the 
ard with its pattern is fired in air at 750C for twenty 
ninutes to burn off the printing vehicle. This operation 
eaves a non-conducting copper oxide pattern, ready to be 
educed to metallic copper. 

The second firing operation is conducted at 850C for 
thirty minutes, in a controlled atmosphere containing hy- 
drogen, nitrogen, and oxygen. The hydrogen in the atmos- 
phere reduces the copper oxides to metallic copper, while 
the oxygen prevents reduction of other oxides in the sys- 
tem and promotes good wetting of the glass frit and the 
ceramic. Without the oxygen present, a poor bond results. 

Printed wiring cards prepared this way can be dip- 
soldered without bond failure, and without the use of 
corrosive fluxes. In tests of bond strengths, 20-gauge headed 
wires were attached to the pattern with an area contact 
about .01 square inch. Bond failure did not occur until 
about 2000 psi tensile pull, and even then generally in- 
volved breaking out the ceramic rather than bond failure. 

With the oxygen in the controlled atmosphere, only 
about 5% glass frit is required in the paste to achieve good 
bonds. This small amount of inert material does not greatly 
affect the conductivity of the copper film. Resistivity of 
the film is in the order of 0.0015 ohms per square, which 
is well within requirements for typical printed wiring ap- 
plications. 

The composition of the controlled atmosphere may be 
forming gas (85% nitrogen and 15% hydrogen) with the 
addition of 0.4 to 4.5% oxygen. Such a gas mixture is 
non-flammable. 

The process suitable for automatic production techniques 
should prove competitive with other printed wiring methods 
in cost. 

There are other potential uses for the new copper paste 
in addition to printed circuits. With suitable modification 
of the vehicle, the copper can be applied with a brush or 
spray gun. When fired, these coatings form a good base for 
making metal to ceramic bonds, using lead-tin solders. 





Compact Air Valves 


A new series of direct solenoid operated air valves claimed 
to be the most versatile valves available include single and 
double-solenoid 4-way, 3‘way, and 4-way 5-port types in 
%, % and % in. sizes. All valves come complete with pre- 
wired bodies and bases. The valve body simply plugs into 
the base to complete the electrical connections. In addi- 
tion to automatic operation, manual screwdriver or ball- 
type operators are standard on all solenoids. Valves also 
can be set to either “locked-in” or “locked-out” position 
with the conrtol. The manufacturer believes that this is 
the first time that such features normally considered “ac- 
cessories” have been included in the basic valve design at 
the standard valve price. 

All valves are equipped with new solenoids, which re- 
quire no tools to assemble or disassemble and are inter- 
changeable among all valves of the same port size. The 
solenoid assemblies are completely cushioned in rubber, 
have fully encapsulated sealed coils, and the solenoids give 
powerful action with remarkably low power consumption 
(0.80-amp inrush and .125 holding for the %-in. size). 
Fasteners have been eliminated in the solenoid assembly, 
greatly increasing reliability and life. The desiga also makes 
it impossible to assemble the solenoids incorrectly. Me- 
chanical Air Controls, Inc., Detroit, Michigan. 

Circle No. 204 on Inquiry Card. 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, spot- 
lighted in color. You See what is happening at a glance. 
Facts at eye level—saves you time, prevents errors. 

Simple, flexible—easily adapted to your needs. Easy 
to operate. Type or write on interchangeable cards, snap 
in grooves. Ideal for production, scheduling, sales, traffic, 
inventory, etc. Made of metal. Compact, attractive. 


Complete Price $4950 Including Cards 
FREE 24-Page Illustrated Booklet AK-10 
Mailed Without Obligation 


GRAPHIC SYSTEMS worn carouina 


CIRCLE NO. 17 ON INQUIRY CARD 











be } Z 
..»-Wwhere you want it 


Daven Rotary Switch 
with adjustable stop! 





For flexibility in circuit experimentation, laboratory 
work, breadboard setups and circuitry where the 
exact number of switch positions might be changed 
at a later date. As a single pole switch, it has a 
maximum of either 24 shorting positions with 15° 
spacing or 32 shorting positions with 11%° spacing. 
One, two, three and four pole units are available. 
Write today for complete information. 


Available from stock from 
your local Daven distributor. 


™ DAVEN c. 


LIVINGSTON, NEW JERSEY 





Today, more than ever, the Daven (©) stands for dependability 
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MAGNETIC ANALOG STORAGE 


New Method Permits Economical 
Digital-To-Voltage Conversion 


In PCM telemetry or other digital data 
transmission systems, a digital-to-volt- 
age conversion is required at the re- 
ceiver or during the reading operation. 
A recent paper by Max Palevsky, 
George Slocomb and Donald Block of 
the Packard Bell Computer Corp., Los 
Angeles, Cal., discusses the problems 
involved when a large number of var- 
iables have to be converted and pre- 
sents a method of voltage storage that 
permits construction of small, economi- 
cal and reliable digital-to-voltage con- 
version systems. 

With a few variables, digital de- 
commutation is appropriate, together 
with a digital-to-analog converter for 
each variable. As the number of vari- 
ables increases cost and component 
count become prohibitively high, re- 
quiring an alternate approach of a 
single digital-to-analog converter and 
an analog decommutator. As each vari- 
able is presented to the converter, the 
converter output is switched into the 
appropriate storage element. When any 
given variable is not being converted, 
its value is held in the analog store. If 
time-sharing is to be employed, then 
a method of switching and storing 
voltages is needed. 

The most widely used analog switch- 
ing technique employs a bridge of 
silicon diodes to successively gate 
relatively high-level voltages. This 
technique produces a voltage switch 
that is accurate, stable, and reliable 
but has one drawback in the present 
context, that of being current limited. 
In order to supply large currents, some 
form of transistor switch is required, 
and these in general lack the accuracy, 
stability, and simplicity of the diode 
scheme. 


TRANSFLUXOR STORAGE 


A new method of analog storage that 
promises to satisfy a number of re- 
quirements that are only imperfectly 
met by present methods uses the non- 
destructive readout properties of the 
Transfluxor. Once set, this magnetic 
device will retain its stored energy level 
to tolerances fixed primarily by tem- 
perature changes and power supply 
drift. During the storage period the 
transfluxor can supply power to drive 
external circuitry without any signifi- 
cant deterioration of the stored in- 
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(a) 


OUTPUT 


EXCITATION 


(b) 


Fig. 1 (a) A ferrite core in a transfluxor configuration (b) when a 
large current is applied to the block winding, the flux pattern is ori- 
ented in the same direction for both leg 1 (area between large hole 
and small hole) and leg 2 (area outside of small hole). 
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Fig. 2 Block diagram of a single transfluxor storage loop. 


formation. It is relatively unaffected by 
system power failures. 


REVIEW OF TRANSFLUXOR 
OPERATION 


First consider a ferrite core in a trans- 
fluxor configuration such as the one 
shown in Fig. la. If a large current is 
inserted into the block winding, the 
core will completely saturate in one 


direction, orienting the flux pattern as. 


shown in Fig. lb. A constant a—c 
drive is inserted across the excitation 
windings. When the drive is positive 
the current tries to increase the flux in 
leg 1 and decrease the flux in leg 2. 
Since leg 1 is saturated, no increase 
can occur so there will be no flux 
change. When the drive goes negative, 
the current tries to increase the flux in 
leg 2 and decrease the flux in leg 1. 
Since leg 2 is saturated, no increase can 
occur, so again there is no flux change. 
In this state there is only air coupling 
between the excitation and the output 
windings and the output will be small. 
One might ask why the a-c drive can- 
not reverse flux around the large hole 
since it is prevented from going around 
the small hole. Actually, it can. To pre- 
vent this, the excitation must be kept 
below a maximum limit. 


iex < 2xHtR/N 
where R = radius of shortest possible 
flux path around the large hole. 


N = number of turns. 
Hx = magnetizing force required to 


switch the flux around any loop from 

one saturated state to the other. 
If H is the magnetizing force produced 
by iex, for the cores to be useful, the 
maximum cross-hatched circle, in fig- 
ure lb, must have a smaller radius 
than the large hole. By controlling Niex 
it is then possible to keep H<H 
around the large hole while still pro- 
viding a current capable of switching 
all the flux around the small hole. 

Consider next a current inserted in 
the set winding great enough to switch 
flux around the large hole. This is the 
maximum flux which can be switched 
by a current in the set winding. Now 
when the drive goes negative the cur- 
rent tries to reverse the flux in both legs 
1 and 2. Since the drive current has 
been adjusted so that H > H,, in the 
cross-hatched area, the flux is switched. 
When the drive goes positive, the cur- 
rent is re—reversed back into legs 1 
and 2. A large flux transfer around the 
small hole produces significant magne- 
tic coupling between the excitation 
winding and the output winding, caus- 
ing a large output. 


STORING ANALOG INFORMATION 


Thus far the technique operates as a 
digital storage, but does not provide 
for obtaining a defined analog voltage. 
To reach any level between the two 
end limits it is necessary to proceed a 
step further. Two methods are avail- 
able to step the output voltage in equal 
increments over the full scale range, 
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current control and voltage control. 
Due to the fact that as the voltage is 
stepped in equal increments the radius 
of the switched flux ring changes, the 
use of current control would require a 
constantly changing current for each 
discrete step. Since this is difficult to 
implement and also requires depend- 
ence of the current on core characteris- 
tics, a voltage control has been used. 
The magnetic flux, which is switched, 
is the integral of the voltage. If a con- 
stant width and constant amplitude 
voltage pulse is used each pulse will 
provide. the same volt-time area and 
will therefore switch an equal incre- 
ment of flux. 

With the transfluxor enclosed in a 
feedback loop and the system adjusted 
to provide a predetermined maximum 
volt-time area per pulse it is possible 
to control the maximum flux change 
per pulse. If, as the error is reduced, 
the voltage amplitude becomes propor- 
tional to error, it becomes possible to 
store analog information in the trans- 
fluxor. A means must also be provided 
to determine which winding must be 
pulsed. If the system over-corrects, 
the opposite winding will be pulsed, 
bringing the system back toward the 
correct value. Fig. 2 shows a simplified 
block diagram of a single transfluxor 
storage loop. The sections shown in- 
side the dotted box can be time-shared. 
The d-c error is amplified and the po- 
larity of the error is used to sense 
which of the two output lines should 
be pulsed. The amplitude of the pulses 
is proportional to the amplitude of the 
error voltage up to some pre-deter- 
mined maximum. The outputs of the 
amplifier are pulse amplified and used 
to drive the control windings of the 
transfluxor core. The core is excited 
with a constant a-c current excitation 
and the amplitude of the a-c output 
is completely controlled by the setting 
of the core. The output is used to drive 
a detector which permits a d-c output 
from plus to minus to be obtained even 
though the core output never reaches 
zero. The output d-c is fed back and 
compared with the input. When both 
signals are equal the core is no longer 
pulsed and the gates can be opened. 
This effectively disconnects the control 
windings and allows permanent storage 
of the information in the core. 

Circle No. 76 on Inquiry Card 





“Keep It Clean”’ 


A six-page, gatefold bulletin, entitled 

“Keep It Clean”, describing materials 

to help draftsmen and engineers clean 

and protect drawings is offered by 

Keuffel & Esser Co., Hoboken, N. J. 
Circle No. 160 on Inquiry Card. 
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Catalog No. 12 describes a number of 
basic snap-action switches and switch- 
actuator assemblies. Types of switches 
available are: 

e Push button or plunger switches 

e Toggle switches 

e Lever or roller actuated switches 

e Limit switches 
Consult Haydon Switch engineering serv- 
ice for special switch requirements. 
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SYSTEMS DESIGN 


IMPROVED MAGNETIC CORE 
DIGITAL CIRCUITRY 


Transistor Emitter Follower 
Improves Stability 
And Increases Logical Gain 


Continuing research on electronic com- 
puter circuitry and components at the 
National Bureau of Standards for the 
United States Air Force Cambridge Re- 
search Center has resulted in an im- 
proved digital magnetic amplifier. By 
modifying a magnetic core amplifier 
circuit developed earlier at the Bureau, 
E. W. Hogue has designed a new cir- 
cuit with improved stability, increased 
logical gain, and a faster complemen- 
ter. 

Semiconductor diode gating, because 
of its economy, flexibility and depend- 
ability, is widely used to perform the 
logical functions of a high-speed elec- 
tronic computer. To overcome the loss 
of signal power through the gates, 
amplifiers are inserted into the gating 
structure at intervals to regenerate the 
signal. Although vacuum tubes and 
transistors are commonly used to 
amplify the signal, saturable core re- 
actors also show promise. The Bureau 
has therefore been investigating the 
use of these components as amplifiers 
because of their compactness, depend- 
ability and low power consumption. 

Essentially, these amplifiers consist 
of diode-resistor networks associated 
with miniature saturable-core reactors 
driven by a “clock.” The “clock” in 
this case is a 300 kc low-impedance 
sinewave source. An amplifier serves 
to transmit pulses, corresponding to 
binary “ones”, or no pulses—zeros— 
depending on the input to the stage. 

Figure 1 is the circuit diagram of a 
magnetic core amplifier with associated 
circuitry. Between the vertical dotted 
lines are two stages: the upper stage 
is an amplifier and the lower one is 
a complementer. Outside of the dotted 
lines are diode-resistor networks to 
provide the logical AND-OR gating. 
The stages can receive an input signal 
from the OR-gate. 

Most of the power gain of the 
amplifier is provided by the saturable 
core reactors. Current from clock e’,, 
together with the total current from 
R,, and all the resistors of the driven 
AND-gates in parallel, serve to return 
the reactor to the state of negative 
saturation during each half-cycle of 


e’.. During the positive half-cycle, e’, 
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Fig. 1—Circuit diagram of transistor- 
ized magnetic core circuitry developed 
at the National Bureau of Standards for 
use in computers. 


Fig. 2—Symbolic diagram showing the 
logical possibilities of the magnetic 
core circuits. In the circuits actually 
constructed, up to four-OR-inputs and 
five AND-inputs were used. The logi- 
eal driving power of the AMP and 
COMP was around 30 each. Severa! 
hundred micro-microfarads of lead ca- 
pacitance could also be driven in ad- 
dition to the load. The clock frequency 
was 300 ke; its amplitude was 7 v rms. 





has no effect on the reactor because 
diode D, is back-biased. The reactor, 
left to itself, remains negatively satu- 
rated once put in this state and pre- 
sents such a low impedance to the 
driven AND-gates that they remain 
held at ground level during the nega- 
tive half-cycle. Thus, binary zeros are 
transmitted. 

If the AND-gates at the left of the 
diagram are not held at ground level 
during the negative half-cycle of e, 
(which is opposite in phase to e’,), a 
negative signal reaches the input wind- 
ing of the reactor. Since this winding 
is in the opposite sense to that of the 


output, the negative signal saturates 
the reactor in the positive state during 
the positive half-cycle of e’.. Finally, 
during the ensuing negative half-cycle 
of e’., the driven AND-gates return 
the reactor from positive to negative 
saturation. The reactor then presents 
a high impedance to the gates, so that 
they are not held at ground. The gates 
therefore transmit binary ones. 


CIRCUIT IMPROVEMENT DETAILS 


The transistor emitter follower, hav- 
ing nearly unity voltage gain, does not 
change the basic operation of the origi- 
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nal circuit. However, it does improve 
the volt-second transfer function, and 
provides additional current gain. The 
current gain increases the logical gain 
of the stage and lowers the power ex- 
pended in the interstage logical net- 
work. Improved volt-second transfer 
characteristic results from transistor 
base-charge storage which in turn re- 
sults from driving the transistor into 
saturation at the peak of the pulse 
signal. Then, even though the pulse 
arriving at the OR-gate input may 
terminate very soon after the peak, the 
transistor base is not pulled down to 
ground potential at this instant be- 
cause the OR-diode opens and the 
clock voltage holds up long enough to 
result in a full pulse at the emitter 
terminal. However, no storage and no 
reshaping take place if the signal fails 
to reach the value of the collector sup- 
ply as in the case of no input pulse. 
To be sure that no false pulse gets 
through, current through the core sec- 
ondary biases the core toward its “un- 
set” state. 

The complementer_ differs only 
slightly from the amplifier. The diode 
D. and the base resistor R, provide a 
current-limited low-impedance clamp to 
ground at the emitter. If a pulse is 
not transmitted by the emitter fol- 
lower, the clock voltage applied to the 
core continually causes the core to 
receive and transmit pulses because 
the core magnetizing current is not 
large enough to open the clamping 
diode. But when a pulse is transmitted 
by the emitter follower, the diode 
opens, and the clock voltage impressed 
on the core directly is opposed by the 
pulse appearing at the emitter. The 
core therefore is left in the unset or 
no-pulse state and transmits nothing 
during the next half cycle. This com- 
plementer inserts only % cycle delay; 
the complementer of the original cir- 
cuit inserted a full cycle of delay. 


Final improvement in the previous 
circuit is the output AND-gate con- 
sisting of a pull-up resistor R, and two 
diodes, D, and D,. The value of the 
resistor is adjusted to provide sufficient 
current to drive all the ground capaci- 
tance of the connecting leads-up to 
several hundred mmf—which run from 
the amplifier or complementer to all 
the gates driven by them. As a result, 
the current carried by a driven gate 
never need be greater than is required 
by the core directly associated with it. 
A single stage can drive as many as 
30 other stages. The total power input 
to an amplifier or a complementer is 
around 0.5 watt and the power per 
singly loaded AND-gate is 0.15 watt. 
Clock power per core is approximately 
50 milliwatts. 


JANUARY 1960 





O}UOUO00000D00DOD000000000000000000000000000000000000000000000DI 





BH100 Series 


Mitiui-\\-eeren 


The instrument with the TAPE-SLIDEWIRE 


for Test Cells 


| Ground Support 
Flight Deck 
Telemetry 


...to accurately indicate 


TEMPERATURE 
R.P.M. 
PRESSURE 
FLOW 


1/10 THE SIZE, 10 TIMES THE ACCURACY 
(of standard instruments)! 


These 3x5” and 3”-dia. instruments are 
used by many manufacturers and labo- 
ratories to measure every parameter... 
in missile, aircraft or ground support. 
Ideally small and matched for panel 
uniformity, they offer reading of the 
individual phenomenon or of many 
states through selector switching... 
with fast response.. Every measurement 
exhibited on the counter is a definitely 
calibrated value. Component density of 
the 3”-dia. BH183 is the highest obtain- 
able combined with ultimate instru- 
ment accuracy. Manufactured to MIL- 
E-5272 and MIL-I-6181 specs. 


FEATURES: 


1) Accuracy | part in 1000. 

2) Laboratory precision for the mili- 
tary or industry. 

3) Compatibility with any transducer 
—AC or DC. 

4) For strain gage, linear differential 
transformer, thermocouple, thermistor, 
resistance thermometer, pulse or vari- 
able frequency circuits or systems. 

5) Available with re-transmitting 
slidewire. 

6) Every scale unit a calibrated value. 
7) Operates directly from 60- or 400- 
cycle power. 


Produced by the makers of JETCAL® jet engine Analyzer...in worldwide military and airline use! 


Full information is available for the asking! 


B&H INSTRUMENT 


Co., INC. 


3479 West Vickery Blvd., Fort Worth 7, Texas 


Soles-Engineering Offices 


ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L.I., N.Y., WICHITA, KAN. 


TORONTO, ONT. (George Kelk Ltd.) 


MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 
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2-D Tracer System 





av 
STYLUS ASSEMBLY 


Economical two dimension tracer sys- 
tem, electro-mechanically controlled, 
will follow any contour around 360° 
path at a constant speed—regardless of 
direction. The value of the cutting 
speed can be varied manually, or can 
be automatically controlled as a func- 
tion of spindle speed to maintain a 
constant feed rate in inches per revolu- 
tion of the spindle. 

Electro-mechanical design simplifies 
the tracer mechanism and considerably 
reduces initial cost as well as standard 
maintenance and repair requirements. 
According to the manufacturer initial 
cost will normally be from $1000.00 to 
$4000.00 below electrohydraulic or 
pure hydraulic systems. The system 
can be adapted to either computer or 
punched tape control. 

The new tracer system incorporates 
a patented rotating eccentric stylus 
design. On contact with the template, 
the stylus assembly continuously feeds 
electrical signals to X and Y axis servo 
drives. These low power signals are 
boosted to actuate a mechanical am- 
plifier which controls table movement 
for any value of the X and Y coordi- 
nate axes. 

Other important characteristics are: 
e The stylus can approach the tem- 
plate at any angle and when contact is 
made the system will automatically 
switch to the trace mode of operation. 
e By varying the eccentricity of the 
stylus, the system will automatically 
compensate for tool wear. 

e The stylus assembly servo motor per- 
mits (a) remote manual control at the 
table, (b) provides constant bias torque 
for automatic operation, (c) permits 
automatic control by tape or card for 
contouring without a template. 

e The system will produce oversize 
template duplicates in controlled steps 
to facilitate the removal of materials 
that cannot be taken off in one pass. 
Seneca Falls Machine Co., Seneca 


Falls, N. Y. 
Circle No. 91 on Inquiry Card. 
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Two-inch Attitude Indicator 


A new attitude indicating system, de- 
veloped by Lear, Inc., has a pictorial 
indicator engineered to fit into a stand- 
ard two-inch-square cockpit panel cut 
out. The system is intended as a stand- 
by unit to replace an aircraft’s primary 
indicating system in the event of a 
malfunction. Despite its reduced size 
and power requirements, it provides all 
the information found on the primary 
display and virtually equals the accu- 
racy of the primary system. A minia- 
turized attitude indicating system, 
independent of the primary display, is 
becoming an_ increasingly essential 
safety feature in today’s manned wea- 
pons systems. Interest by the military 
in equipping high - performance jets 
with a dual installation points up the 
vital role the attitude indicating system 
has come to assume in all-weather 
aircraft operation. The pictorial indi- 
cator displays pitch and roll attitude 
by movement of a light grey and opti- 
cal black sphere behind a fixed, sym- 
bolic aircraft. A 1.5:1 gearing in the 
pitch axis provides increased sensitivity 
of the pitch attitude for maximum 
readability. Electrical trim for both 
pitch and roll is included. 

The indicator is hermetically sealed 
and includes two interchangeable tran- 
sistor amplifiers. Servo loops are 70 per 
cent critically damped for smooth, 
sensitive operation. The system can be 
operated from either an a-c or a d-c 
power supply. 


Heart of the system, Lear’s new 
Series 1080 miniature vertical gyro, is 
a compact vertical reference designed 
specifically to provide reliable opera- 
tion in those severe shock and vibra- 
tion environments encountered _ in 
missiles, drones, and high-performance 
aircraft. 





Comparison of the new Lear two-inch 
remote standby indicator, part of the 
smallest attitude indicating system yet 
built for the aircraft industry, with a 
standard five-inch attitude indicator. 


Following a proven packaging phi- 
losophy, system engineers have 
mounted the gyro reference remotely 
from the indicator package to provide 
a gyro of sufficient size to maintain the 
accuracy of the primary system. 

Circle No. 75 on Inquiry Card. 


Subminiature Commutator 


A miniaturized 30 x 10 2 pole tele 


metering commutator is only 2%” 
square by 4” long including a self- 
contained motor, gear box and switch- 
ing section. Displaying less than 0.3% 
noise levels with milli-volt input sig- 
nals, the life of the switch is in excess 
of 1,000 hrs. Instrument Development 
Labors., Inc., Attleboro, Mass. 
Circle No. 194 on Inquiry Card. 
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Leland Variable Programming Circuit 
Variable Programming Circuit 


A variable programming circuit de- 
scribed in the diagram employs a new 
rotary selector to control and change 
the sequence of functions in automatic 
equipment. The rotary selector uses an 
inverse-homing, tab-type control-wafer 
switch which in conjunction with a 
hold-in resistor, will cause the selector, 
when impulsed, to skip over the un-, 
wanted positions. Variations in posi- 
tioning of the selector are accomplished 
by placing a toggle switch between 
the hold-in resistor and each homing 
contact. An open toggle switch permits 
the selector to step past that position 
automatically when the impulse switch 
is closed. This occurs because the 
Ledex rotary solenoid is energized 
only through the interrupter switch. If 
the toggle switch is closed, the resistor 
will be placed in parallel with the 
interrupter switch and if opened the 
hold-in resistor is placed in series with 
the coil. The solenoid therefore 
remains energized at the position until 
the impulse switch is released, causing 
the selector to stop until another im- 
pulse is received. G. H. Leland, Inc., 
Dayton, Ohio. 
Circle No. 165 on Inquiry Card 
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TO THE ENGINEER 


who needs “for instances’ 


Take such a “for instance” as this: you want 
to step an indirectly driven rotary switch 
immediately on pulse closure. The schematic, 
Fig. 28, above, points out an easy way of 
doing it with a standard relay. 


Or suppose you'd like to stretch a pulse with a 
relay —or set up a sequential programming cir- 
cuit with stepping switches. You'll find the most 
practical methods among the 41 schematics in 
AE’s new 32-page booklet on “Basic Circuits.” 
It comes complete with a handy template for 
drawing relays and switches on your own cir- 
cuits. And it’s all yours for the asking! 














In case you don’t find the solution to your 
switching problem in Basic Circuits, our 
engineers can find a solution for you. In fact, 
AE engineers can show you switching tricks 
that will cut corners on costs. Or, if you wish, 
they’ll assume the job of designing and build- 
ing to your specs, anything from a simple 
control package to an entire system. 


To get your copy of Basic Circuits and/or the 
answer to your specific control problem, just 
write J. E. James, Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, Ill. 
In Canada: Automatic Electric Sales (Can- 
ada) Ltd., 185 Bartley Dr., Toronto 16, Ont. 


AUTOMATIC ELECTRIC ‘sas) 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


CIRCLE NO. 28 ON INQUIRY CARD 









5 ke 








bikie «Sat AA V. P. Maruis 


H. W. Assort 


General Electric Company, Syracuse, New York 


ELAPSED TIME COMPUTATION 





Here is an inexpensive technique, reported at the 
recent National Electronics Conference in Chicago, 
for performing a number of arithmetic operations 
reliably where accuracies in excess of one percent 
are not required. One simple semiconductor circuit, 
using amplitudes of independently variable electrical 
quantities as inputs, can be made to perform any of 
the various operations by interchanging the roles of 
the input signals. Modifications in the basic circuit 
adapt it to various combinations of analog and digital 
inputs and outputs. 
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Fig. 1 Princip'’e of elapsed time division. D-c signals x and y 
are applied simultaneously at the input terminals. X acts 
as a signal to open the gate, allowing the reference voltage 
to be applied to the upper integrator. X is also applied 
directly to a comparator where it is continually compared 
to the integrated value of y that is being fed in from the 
lower integrator. The comparator eventually notes that the 
integral of y is exactly equal to x. This will occur at some 
time T depending on the values of x, y, and the fixed time 
constant of the integrator. The comparator now generates 
a stop signal, closing the gate and preventing V, the inte- 
grated value of Vz, from increasing further. The peak value 
of V is proportional to the required division of x by y. 





Multiplication, division, squaring and square root opera- 
tions can be accomplished simply and accurately by means 
of a class of computational circuits employing time as an 
intermediate parameter. To perform a division operation, 
for example, one variable is integrated with respect to time 
until the value of the integral is numerically equal to the 
second variable. The time required for this integration is 
proportional to the ratio of the two variables. A reference 
voltage integrated for this time is a measure vf the time 
and therefore of the required ratio. Since both integrators 
operate for the same amount of time, errors due to imper- 
fect integration will cance] provided that the two integra- 
tors have similar characteristics. 

Input and output quantities may be represented by either 
analog voltages or by a number of pulses. In the latter 
case, many of the advantages of digital computation may 
be obtained. For example, elapsed time (time-base) cir- 
cuits use the active device (transistor) in a switching mode 
resulting in a substantial increase in reliability. 

Time-base circuits are basically sampling circuits. In the 
problem of finding the ratio of the two time-varying input 
variables, the signals must first be sampled at a sampling 
frequency that is considerably higher than the signal fre- 
quency. Signals in the form of short pulses, on the other 
hand, may need to be stretched or held to allow sufficient 
time for computing their ratio. If the inputs are d-c quanti- 
ties they may be operated on directly. Such d-c inputs are 
assumed in most of the explanations that follow. This as- 
sumption results in no loss of generality since the sampling 
or hold processes convert the inputs to values that do 
remain essentially constant for the case of non d-c signals. 
Similarly, the results of the computations are non-con- 
tinuous and provision must be made for holding results of 
one computation until a new result is available. Clearing 
and hold functions may usually be realized very simply. 


DIVISION 


Figure 1 is a block diagram describing the principles of 
the time-base division process. The circuit consists of a 
gate, two integrators, and a voltage comparator. The inputs 
to the circuit are the two d-c voltages x and y whose ratio 
is desired, and a d-c reference voltage Vp. The figure shows 
that the output voltage V, measured at the proper time, is 
proportional to x/y. 

Equations that apply to the operation are summarized 
on the figure. T is the elapsed time from the start of the 
operation until the comparator signals that the integrated 
value of y is equal to x. Note that T itself is equal to x/y. 
The upper integrator may be thought of as simply a tech- 
nique for measuring the time T. 

Analog division circuit. Usefulness of this elapsed ‘time 
computation technique in many applications results from 
the fact that very simple circuits may be used to realize 
the system. Fig. 2 is an example of a circuit designed to 
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Fig. 2 Elapsed time divider. Assume that the transistor is 
normally conducting in standby operation. This would occur, 
for examp'e, if the voltage source X is zero and some nega- 
tive voltage y is present. This transistor therefore acts as a 
short circuit and no voltage is applied through the silicon 
diode to R.C,. Now to begin the computation of x/y the d-c 
voltage x is applied between the emitter of the transistor 
and ground. This cuts of the transistor and causes the refer- 
ence voltage Vx to rise to exactly 25 volts. R.C, integrates 
this reference voltage; R.C, integrates the voltage y. When 
the integrated value of y that appears across C. is equal to x 
the transistor will again conduct. This serves as the stop 
signal for Vx by reducing the voltage available to the refer- 
ence diode. The value of V appearing across C, at this time 
is proportional to the required ratio x/y. The silicon diode 
prevents C, from discharging, thus allowing V to be meas- 
ured easily. 





operate on the principle of Fig. 1. The transistor acts as 
the gate and as the comparator. The RC networks R,C, 
and RC. serve as the upper and lower integrators re- 
spectively and a breakdown diode constitutes the reference 
voltage. 

If the time constants R,C, and RC, are made equal it 
may be shown that no error results from the fact that these 
are not really integrators. Actually all that is required is 
that the time response of V relative to Vp be the same as 
the time response of the signal applied to the base of the 
transistor relative to the y input. In this circuit the values 
of R’s and C’s that were chosen lead to a slow computation 
process. Much higher speeds may be achieved, if desired, 
by selecting smaller values. 

The dynamic range of this circuit is limited on the upper 
end by restricting x to values of voltage that are smaller 
than the inverse breakdown voltage of the emitter-to-base 
diode of the transistor. The lower bound is set by the 
transistor in its comparator function since it actually re- 
quires a few tenths of a volt bias of the base-to-emitter 
diode to cause conduction from collector to emitter. Some- 
what more elaborate comparator and gate circuits can be 
used to extend the dynamic range considerably. 
Interpolation. Variations of the circuit in Fig. 2 can be 
used to achieve combinations of mathematical operations. 
For example if V, is replaced by constant values of another 
variable z, the result would be V = zx/y. Another example, 
this time incorporating addition, is illustrated in Fig. 3. 
Here the problem is to interpolate between the values x 
and y; i.e., the value x/(y + y) now charges C, rather 
than y alone. The comparator therefore operates when the 
integrated value of (x + y) is equal to x. Note also that x 
is now a positive voltage relative to ground while y is 
negative requiring an inversion of the x signal relative to 
the previous circuit. 
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Fig. 3 Interpolation circuit. 
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Fig 5 Elapsed time digital divider. Frequency f,, the smaller 
of the two, is fed in through gate 1] to a counter which 
registers a count C, at the end of the fixed time interval T. 
Logic circuits preceding the computational circuits decide 
whether f, > f. or vice versa and guide the lower frequency 
to the f, position. (S'milar logic is required for the analog 
schemes since these circuits are designed to operate only 
for ratios less than unity.) Now the clock connects the f, 
input to the reversible counter through gate 1. (The counter 
is reconnected now so that each input pulse will subtract 
one unit from the remaining count.) At the same time gate 
2 is opened, allowing pulses from the reference source fr 
to enter the time counter. Now since f, > f,, the reversible 
counter will count back to zero in time t (less than T). 
When the counter indicates O, a signal is given to close 
gate 2 preventing any more pulses from entering the time 
counter. The final state of the time counter is therefore a 
measure of t and hence of the ratio f/f» 
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Fig. 6 Elapsed time multiplier. 





ANALOG-DIGITAL CONVERSION 


Another useful property of the time-base computation 
principle is the ease of using the process as a means for 
converting from analog representation to pulse representa- 
tion while performing a calculation. Figure 4 illustrates a 
division operation in which the inputs x and y are d-c 
quantities, but their ratio is taken as a discrete number of 
pulses. The input circuit (including RCs, the d-c x and 
y inputs, and the transistor) operates in the same manner 
as that of Fig. 2. In Fig. 4, however, the reference voltage 
and the second integrator are replaced by a reference fre- 
quency and a counter respectively. Pulses at the reference 
frequency fp, are prevented from entering the counter 
except during the time that the transistor is non-conduct- 
ing. The number of pulses that do enter the counter is then 
a measure of T and hence of x/y. The result of the di- 
vision therefore appears in either a binary or a decimal 
form depending on the type of counter that is used. 

The counter is a perfect integrator while the RC network 
is only an approximation. Hence provision must be made 
tor taking this condition into account. This may be done 
either by feeding C, from a current source (linearizing 
the output of the RC circuit) or by automatically varying 
f, to compensate for the characteristic of the RC network. 
Both methods are entirely practical. 


PULSE TECHNIQUE 


Thus far the discussion has been concerned mainly with 
analog time-base computation. The technique lends itself 
readily to pulse or to digital systems. One scheme that may 
be used for finding the ratio of two inputs each of which 
is a frequency or rate is illustrated in Fig. 5. Again, as in 
Fig. 1, a comparator is used to compare one input with a 
time-dependent function of the second. Here the compari- 
son takes place by means of the reversible counter C,. Fx, 
a reference frequency, is counted by time counters C to 
measure time t required for the comparison of the two 
inputs. It may be seen from the equations of Fig. 5 that 
t = (f,/f.)T and that the basic problem is again just the 
measurement of t. 
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Fig. 7 Block diagram of square root operation. 
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Fig. 8 Circuit diagram of square root operation. The two 
transistors are connected in the Darlington compound con- 
nection and act as a single common-emitter stage with a 
current amplification that is the product of the alphas of 
the individual transistors. The advantage of this connection 
for this application is the resulting higher input impedance 
of the combination. A single transistor will often serve as 
this element. The compound transistor acts as the gate and 
as the comparator as in Fig. 2. The reference voltage is Vx, 
the upper integrator is R, C., and the lower integrator is 
R.C:. The input to R.C, is taken from C,; i.e., the voltage 
on C, at any time is integrated by R-C: and this integrated 
value is applied to the base of the compound transistor for 
comparison with x. When switch s is opened and x is 
applied, C; begins to charge through R, and C, charges 
through R:. The compound transistor conducts when its 
base-to-ground voltage is equa! to x. The voltage V across 
C, at this time is K times the square root of x, The table 
of Fig. 8 shows some actual measured values of V/4, 
(K = 4), compared to calculated values of the square root 
of x. Note that the agreement is very good even for values 
of x approaching the reference voltage. 
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The precision of the time measurement depends on the 
requency fp, increasing for higher values of fp. Since fp 
s synchronized with the clock by the frequency divider, 
xtremely high frequency stability is not required from 
he fg source. It should be noted also that f, and f. need 
10t be fixed frequencies. One or both may be varying 
‘round some average value in a random manner and the 
system will still function as described. 


MULTIPLICATION 


[he elapsed time principle may be used to perform multi- 
plication as well as division. Essential similarity of the two 
processes will be seen by comparing the divider block 
diagram (Fig. 1) with the multiplier diagram of Fig. 6. 
The only change has been to interchange the Vp and y 
inputs. An integrated value of Vp is now compared to x 
and the output V is the integrated value of y obtained in 
the time required for the comparator to indicate that its 
two inputs are equal. The equations in Fig. 6 clarify the 
multiplication process. The circuit of such a system will 
be the same as that of the divider shown in Fig. 2 with 
the positions of V, and y interchanged as in the block 
diagram. 


SQUARE ROOT 


The process of extracting a square root is illustrated in the 
diagram of Fig. 7. Again the basic block diagram is the 
same as that shown for division in Fig. 1. For the square 
root operation, however, there is only one independent 
input variable x. The y input is replaced with a feedback 
connection from the output terminal. Thus the integrated 
variable to which x is compared is itself a function of time. 
As shown in the equations of Fig. 7, the integral equation 
for the lower integrator therefore contains t explicitly re- 
sulting in a T? term in the definite integral. Hence T is 
proportional to the square root of x. The upper integrator 
measures T and at the same time provides v = K, Vat as 
an input to the lower integrator. Figure 8 is a square root 
circuit employing the principle illustrated in Fig. 7. 


Circle No. 79 on Inquiry Card. 





WORTH FILING 
Electro Clutches 


Detailed information on a complete line of electromag- 
netic clutches with torque capacities from 1.8 through 
13,000 pound-feet, is furnished in a new bulletin which 
provides design, specification and application data. 


Source: I-T-E Circuit Breaker Co. 
Philadelphia, Pa. 
For your copy: Circle No. 233 on Inquiry Card 


WORTH FILING 


Microwave Diodes 


A new technical booklet on microwave diodes contains com- 
plete electrical and mechanical data on all microwave di- 
odes as well as a replacement guide to nearly 200 widely 
used diode types. Data is presented on a new subminiature 
diode, called the Micro-Min, which is said to be the smallest 
microwave diode in the industry. 


Source: Sylvania Electric Products, Inc. 
Buffalo, New York 
For your copy: Circle No. 199 on Inquiry Card 
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INTERNALS made with famous G.S. 
precision give you better production 


It’s costly—in terms of machine time, man hours, over- 
head and customer dissatisfaction—to compromise on 
quality in Small Gearing for critical applications. You 
have no such worries when you order your Small! Gears 
from G.S.—specialized equipment, specialized tech- 
niques and specialized, long-time experience assure 
properly designed, accurately cut Gears, produced to 
an unmatched standard of uniform accuracy. That 
means your production isn’t slowed by rejects or im- 
perfections—your product will operate smoothly and 
efficiently in the hands of your customers. 

G.S. Internals like those illustrated above, for ex- 
ample, are cut to exacting specifications for such ap- 
plications as air operated hoists, floor machines, radio 
equipment, navigating instruments and many other 
uses. If you use Internals—or any other type of Small 
Gearing—get G.S. in your picture! 
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“MATERIALS 





STAFF COLUMNIST 


David Bandel 
Associate Technical Director, 
TRACERLAB, INC. 


SO WHAT ELSE 
IS NEW? 


The Fall Meeting of the American Chemical Society 
in Atlantic City had some interesting new developments to 
report in the field of materials development. As usual, 
plastics technology was one of the fields that showed 
considerable activity. 

A new lightweight plastic composition was described 
by F. T. Parr of Westinghouse Electric Corp. This com- 
position consists of microscopic phenolic resin balloons 
distributed in an epoxy resin matrix. Chief virtues of this 
“micro-balloon” filled resin are a reduction in weight of 
27% over conventional fillers and superior heat conduc- 
tion compared with foamed polyurethane resins. An addi- 
tional advantage of the microballoon filled resin is reduced 
tendency toward heat cracking during temperature cycl- 
ing and superior resistance to humidity. 

V. R. Bond and S. A. Brady of Dow Corning Corp. 
described a new silicone-epoxy resin for laminates. Low 
pressure laminates prepared with silicone-epoxy resins 
maintained their initially high structural strength after long 
time aging at 500°F. 

G. Epstein and §S. Litvak of Aero-Jet-General Corp. 
discussed the influence of fabrication variables on metal- 
to-metal bonding. Improved surface preparation, particu- 
larly primer coatings and degree of primer cure, greatly 
influenced bond strength. Air entrapment in the liquid 
adhesive was found to be an important factor, influencing 
the tensile-shear strength of the adhesive bond as well 
as the type of failure. The amount of pressure during 
cure had a noticeable effect on lap shear strength of metal 
bonded joints. Resolution of these fabrication variables 
has aided in development and fabrication of newly con- 
ceived military hardware. 

Recent developments in fluorosilicone elastomers were 
described by T. D. Talcott, E. D. Brown and ee St 
Russell of Dow Corning Corp. These elastomers exhibit 
excellent resistance to swelling in oils and solvents while 
retaining the usual physical properties of the silicones. A 
new room temperature vulcanzing compound based on 
fluid fluorosilicone polymers was announced. These new 
elastomeric materials are useful wherever resistance to 
swelling and serviceability over the extreme temperature 
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ranges provided by silicone elastomers is required. , 

Use of polychlorotrifluoroethylene oils and resins as 
gyro flotation fluids was discussed by R. L. Ehrenfeld of 
Fluoro-Chem Corp. Flotation fluids must be used in cases 
where extreme accuracy is necessary, as in inertial gui- 
dance systems, where gimbal bearing friction errors can- 
not be tolerated. Flotation fluids must also have high 
densities, 1.8 or over, to avoid bulky packages and de- 
crease flotation errors. Proper damping characteristics re- 
quire viscous oils. The most effective fluid developed was 
a blend of low molecular weight bromotrifluoroethylene 
polymers with polychlorotrifluoroethylene oil and solid 
polymer to control the viscosity. 

Fluorocarbon fluid properties and applications were 
discussed by J. D. LaZerte, M. Olyphant and J. M. 
Smith of Minnesota Mining and Manufacturing Co. A 
proprietary product, FC-75, has found applications in 
electronic components and instruments. FC-75 is an ex- 
cellent dielectric coolant. Dielectric strength of the liquid 
and vapor is high. The low viscosity and surface tension 
are advantageous in convective cooling. The boiling point 
of 100°C allows the use of evaporative cooling. All of these 
factors are useful in miniaturization. FC-75 can be used 
in equipment at temperatures down to —100°C. The high 
thermal stability allows cooling of hot spots without 
formation of sludge or corrosive products. 


FUEL CELLS 


Intensive development of fuel cells has been carried 
out in this country and in England over the past five 
years. Fuel cells offer an attractive possibility for the dir- 
ect conversion of chemical energy without the usual inter- 
mediate heat engine. Theoretically, all chemical reactions 
releasing heat energy can also be made to furnish elec- 
trical energy under the proper conditions. Chemical bat- 
teries are an illustration of this principle. Hydrogen and 
oxygen can be combined by combustion to release a 
large quantity of heat. Under combustion conditions, how- 
ever, an intermediate heat engine of some kind must be 
used to convert heat of combustion to electrical energy. If 
the “combustion” were to be conducted under conditions 
where an electrode reaction could take place, the energy 
would appear directly as electrical energy. The problem 
of practical electrodes has been the barrier to using this 
method of direct electrical energy conversion from com- 
bustible fuels. Considerable progress has been made along 
these lines and various types of fuel cells were discussed 
at a symposium. 

Conversion efficiencies of 70% were reported by K. 
Kordesch of National Carbon Co., using carbon electrodes. 
Open circuit potential of hydrogen-oxygen cells was 1.13 
volts. Current densities up to 200 ma. per sq. cm. (1 sq. 
in. = 6.25 sq. cm.) were obtained above 0.8 volts. Con- 
tinuous and intermittent operation over a 2 year period 
have been achieved. The oxygen electrode is limited to 
alkaline cells, but the hydrogen electrode works equally 
well in acid cells. 

A high pressure hydrogen-oxygen fuel cell and a multi- 
cell design complete with control gear were described 
by F .T. Bacon of National Research Development Corp., 
Cambridge, England. Other fuel cells were discussed that 
use gaseous hydrocarbons and carbon monoxide as the 
fuels. Operating temperatures up to 650°C. have proved 
feasible. 

New hope appeared on the ulcer front. An extract of 
dried seaweed, carrageenin, has been found to inhibit 
peptic ulcers. Six dogs that were given histamine to in- 
duce peptic ulcers all died within a month. Six dogs 
similarly treated but permitted to drink water containing 
carrageenin were still alive. Dried seaweed—anyone? Wulff! 
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WORTH BUYING 
Photometric Standards 


New candlepower standards consisting 
of inside-frosted lamps with monoplane 
filaments and medium-bipost bases are 
now available from the National Bu- 
reau of Standards, in sizes of 100-, 
300-, and 500-watts. These standards 
show little or no variation in intensity 
with change in orientation, follow close- 
ly the inverse square law, are easily 
oriented on the photometer bar, and 
need no diaphragm when being used 
to calibrate protometers or other lamp 
standards. The frosted-bulb standards 
may be procured from the Photometry 
and Colorimetry Section. Priced at 
$37.00 for the 100-watt size; $34.00 
for the 300-watt size; and $35.00 for 
the 500-watt size. 

Order units from: 


National Bureau of Standards, 
Washington 25, D. C. 


WORTH FILING 


Gyro Primer 


or 
“Selling Gyros For Fun & Profit”’ 


Now available at no cost, a 65 page 
booklet gives a definitive, down-to- 
earth (and humorous!) explanation of 
the operating principle of gyros. Start- 
ing with the basic fundamentals of a 
simple gyro, the booklet runs through 
all the various types up to a complete 
stable platform system. 

Source: Norden, Div. of United Aircraft Corp. 


Ketay Dept., Commack, L. I., N. Y. 
For Your Copy: Circle No. 236 on Inquiry Card. 


WORTH FILING 
Switching Transistors 


24-page booklet lists maximum ratings 
and electrical characteristics for PNP 
and NPN medium and high speed 
switching transistors. The booklet also 
contains time measurement circuits, 
diagrams illustrating mechanical speci- 
fications and connections, and a section 
on transistor switching time require- 
ments. 

Source: Sylvania Electric Products Inc. 


New York, New York 
For your copy: Circle No. 145 on Inquiry Card. 


WORTH FILING 
High Performance Relays 


Hi-G’s up to date catalog describes in 
detail their complete line of hermeti- 
cally sealed, balanced rotary type re- 
lays. 

Please address letterhead requests for your copy 
of this catalog directly to: 


Hi-G, Inc. 
Bradley Field, 
Windsor Locks, Conn. 
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LOW FRICTION and WEAR 
LASTING PRECISION ALIGNMENT 
ELIMINATE BINDING and CHATTER 
ZERO SHAKE or PLAY 
LONG LIFE—LOW MAINTENANCE 
SOLVES SLIDING LUBRICATION PROBLEMS 





Used by progressive engineers in the latest guidance, 
fire control and navigation systems, computers, inertial 
devices, instruments. 


Various types of Batt BusHiNGs are made for shaft sizes from Ye” to 4”... 
with small sizes available in Stainless Steel. Write for literature and name 
of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. A, MANHASSET, NEW YORK 
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MANAGEMENT 


STAFF COLUMNIST 


Hyman Olken 





LAWRENCE RADIATION LABORATORY 
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Inducing the Inventive Spark 


An exasperating aspect of inventing universally experi- 
enced by inventors is that, cudgel their brains as they will, 
they frequently just can’t get the process of forming and 
testing combinations of mental images going; or, if they 
do get the process going they have no control over its 
direction. In brief, inventing is a sporadic and unpredict- 
able process. 

To practice inventing professionally, some measure of 
control over getting the process going and directing it is 
vitally necessary. The problem for the inventor is what 
are the roadblocks to this control and what can be done to 
remove or overcome them? What can be done to induce 
the inventive spark? 

The Anatomy of Inspiration. One key to controlling the in- 
ventive process is to recognize the sporadic nature of the 
mechanism we are dealing with. The human mind is not 
a highly specialized machine designed only to invent. It 
is a very complex machine required to perform many 
functions to preserve and regulate the human body before 
it can give attention to inventing. Inventing is merely an 
extraneous function crowded in on top of all these regular 
functions. 

Because inventing is such an interloper, it is a very 
unpredictable, and devious procedure, which occurs only 
when the mind has a few idle moments. This occurs gen- 
erally when we are mentally at rest—usually before going 
to sleep, just after waking, or when we are going through 
actions that have become habitual and so do not fully 
occupy the mind. It is a commonplace observation of 
inventors that most of their inventive thinking occurs at 
such times. 

Another key to understanding the inventing process is 
to be found in the intensive studies psychologists have made 
into creative mental processes. They have shown that these 
processes can best be analyzed if they are divided into 
four stages: 

@ Preparation—prepares the ground for the attack by accu- 
rately defining the problem and collecting the raw ma- 
terials (the idea elements) from which the desired idea 
compounds are to be formed. 

@ Incubation—digests the idea elements and probes toward 
a solution of the problem. 

@ Illumination—where the solution bursts suddenly upon 
the mind, like a flash of light. 

@ Verification and Elaboration—tests this solution and ex- 
tends its application. 

Idea elements—the raw materials of invention—must be 
in the mind before they can be combined or synthesized 
into idea compounds. The process of storing the ideas is 
sometimes consciously directed; more often, it takes place 
unconsciously and may extend over a very long period of 
time. Idea elements enter the mind when we read a techni- 
cal article, when we observe the operation of a machine, 
and when we accomplish a mathematical analysis or carry 
out a scientific research. The dominant characteristic of 
the process is that, after the inventor has planted the seed 
of an invention and toiled over it for some time without 
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success, he then seemingly abandons it to the subconscious 
regions, where it may lie dormant for a very long time, 
until one day, entirely unexpectedly, the full grown in- 
vention pops suddenly into light. 

What goes on in the inventor’s mind during all this time? 
Why so long a dormant or incubation period? What is the 
mechanism of the sudden fulfillment? 

Psychologists have demonstrated that ideas are like people 
—they don’t want to be alone. They usually enter the mind 
in clumps or clusters. When we want to combine an idea 
from one cluster with an idea from another to form a new 
combination, we must first separate the idea elements from 
their foetal entanglements. This is one of the actions that 
goes on during the “incubation” stage. As one psychologist 
has so aptly put it, (see Varendonck, J., Evolution of the 
Conscious Faculties, G. Allen & Unwin, London, 1923, p. 9) 
“Conception consists of a decomposition of memory and a 
re-association of its elements.” 

We all know, however, from life-long experience that 
ideas persist in their associations. They do not dissociate 
until time has weakened their bonds. Over this dissociating 
process the mind has no deliberate control. Time is the 
only solvent. This is one of the reasons why the incubation 
process takes so long. 

Once dissociated, the idea elements must also be fed up 
from the dim recesses of the memory to where their trial- 
and-error matching to a desired pattern goes on. Here 
progress is often retarded, or even completely blocked, by 
cross currents in the brain or by other more recent or more 
urgent ideas which command prior right of way. Here the 
mind does have some measure of deliberate control. Such 
measures are fully treated in all standard psychology texts 
under the subjects of “interference” and “recall”. 

The bulk of the activity in the mind during the incuba- 
tion period is the “re-association of the elements of the 
memory” into new combinations. As indicated in an earlier 
section of this column, “the mind first forms a concept or 
image of what it aims to accomplish. Idea elements are 
matched for fit in this concept as they flow up from the 
dim recesses of the mind. Misfits are discarded.” 

A common observation of inventors and psychologists 
alike is that this matching of idea elements is done groping- 
ly at first. But this groping is not entirely random. It is 
like the groping of a person finding his way in a dark but 
familiar room or trying to solve a cross-word or jig-saw 
puzzle. Each piece successfully fitted into the puzzle re- 
duces the number of pieces to choose from for the next 
move and provides more orientation for fitting the next 
piece into place. The process of groping becomes better 
guided and directed, hence easier and faster, the further 
the process has gone toward completion. 

We have here a clue as to what may take place in the 
“illumination” stage of inventing. When the process of 
trial-and-error matching has gone so far that each piece 
fitted into the desired pattern indicates fully and accurately 
how the next fitting operation should be made, the re- 
mainder of the elements fit into place without trial and 
with no error. Each move in the matching operation auto- 
matically calls forth the next move to make and the process 
becomes self-propagating and self-accelerating, taking on 
the character of a chain reaction. The moves for complet- 
ing the idea combination then occur so rapidly that the 
mind is not able to follow them separately and the whole 
series seems to take place in a “flash”. Many experimental 
psychologists who have studied the problem solving process 
now lean toward this view that the “illumination” stage 
is merely an acceleration of the incubation process. 
There is a striking similarity here to the process of ex- 
plosion. Physicists have shown by slow-motion analysis 
that an explosion is not a peculiar phenomenon but merely 
a highly accelerated form of “combustion”. 
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SELF-ALIGNING 
BEARINGS 


ROD END 
TYPES 


PATENTED U.S.A. 
All World Rights Reserved 


PLAIN TYPES 


CHARACTERISTICS 


RECOMMENDED USE 


For types operating under high 
temperature (800-1200 
degrees F.). 


ANALYSIS 


| Stainless Steel Ball 
and Race 


For types operating under 


Chrome Alloy Steel - “ . 
: high radial ultimate loads 
2 Ball and Race (3000-893,000 Ibs.). 


For types operating under 
normal loads with minimum 
friction requirements. 


3 Bronze Race and 
Chrome Stee! Ball 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. EMD-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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PRECISION 





Bowmar gives you maximum reli- 
ability in precision miniaturized 
counting devices, ranging down 
to ‘‘penny”’ sizes. These tiny 
counters can be designed for all 
types of readout purposes: Navi- 
gational, tracking, ranging, time, 
and positioning; or for any other 
application imaginable—all to 
your most exacting requirements. 
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8000 Bluffton Rd. « Fort Wayne, Ind. 
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FUTURE 


| DESIGN TIME SAVER 


CALCULATION OF 
NATURAL FREQUENCIES 


OF DAMPED SYSTEMS 


| 


by 


JOSEPH HIRSCH 

STAFF COLUMNIST 
Sr. Design Specialist 
Technical Staff Space Technology Operation 
Ford Motor Co.—Aeroneutronics Div. 
Newport Beach, Cal. 


Matrix iteration methods have been used extensively to 
determine the natural modes of free vibration of mechanical 
systems. In most instances, the effect of viscous damping 
is neglected in these calculations, since the quantity of 
damping in many physical systems is small and therefore 
will not appreciably modify the value of the undamped 
natural-frequency calculations. Also, the problem of exactly 
determining the natural modes of free vibrations of a multi 
degree-of-freedom damped vibration system by matrix 
methods involves a considerable amount of calculation. A 
method using matrix iteration for calculating the frequen- 
cies of damped systems has been presented by W. J. Dun- 
can in Matrices Applied to Motion of Damped Systems. 
Any method used in calculating the natural frequencies 
and modes of vibration for a damped system involves a 
considerable amount of labor. 

In many instances, particularly for approximately equal 
damping values, satisfactory solutions for the motion of 
the damped system can be arrived at with less difficulty 
by the following technique: 

Do not consider the damping in the original equations 
of motion, but use any standard procedure for undamped 
systems to calculate the natural frequencies and modes of 
free vibration. These frequencies and modes of vibration 
can then be modified to account for damping. 

For example, consider the problem of determining the 
natural modes of free vibration of a mechanical system con- 
sisting of 3 spring-suspended masses in series. 

Neglecting damping, the equations of motion are of the 
form: 


M, (d2y,/dt2) = K(Y.—Y,) —K,Y, 
= —(K, + Ky) Y, + KeYo 

M2(d?y2/dt?) = K3(Y3 — Yo) — Ke(Y2— Y;) (1) 
= KeY, — (Ky + Kg) Y2 + K3Y3 


M;(d?y;/dt?) = —K3;(Y; = Yo) — K: Yo . K3Y3 


The natural modes of vibration are specified by equations 
of the form: 
Y,(t) = X, sin(wt + a) 


Y.(t) = X,_ sin(wt + a) (2) 
Y,(t) = Xg sin(wt + a) 
Introducing equation (2) in (1) we obtain: 
(K, + K,)X, — KoXo = M,w°X, 
—K.X, ~ (Ko + K;) Xo ites. K2X, = Mow?X, (3) 


—K3X_ + K3X3 = Mgw°X3 


In the special case when 
K, = K.=K,;=K and M, =>Ms=M;=M 
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these equations reduce to: 


a 
—X, oe 2X, “om X3 = +X 


, (4) 
—X_ + X3 = yX; 


if we set 
y= 1/4 = Mw*/K 
where the 2’s are characteristic values. 


Solution of equation (4) by matrix iteration or otherwise 
(refer to any standard text) leads to: 


Mw*,,,/K = 1/5.05; 
@,, = 0.445 (K/M)'2 


with displacement ratios: 


(X,:X_:X3) = (0.445:0.802:1) 
and to: 
®o, = 1.247(K/M)*2 


with displacement ratios 

(X,:X_:X3) = (—1.247:—0.555:1) 
and to: 

3, = 1.802(K/M)’*2 

with displacement ratios 

(X,:X9:X3) = (1.802:—2.247:1) 

The damped frequencies can now be determined by the 

following consideration; in a single-degree-of-freedom sys- 


tem the damped frequency is related to the undamped 
frequency by the following equation: 


Ong = Wy\ 1 — 7) *2 (5) 
where 
o- = (r/r,)* 
and 
r, = 2(KM)** = 20,M (6) 


In a multi degree of freedom system, where 
= tg—Ig—t 


the relationship between the damped and the undamped 
frequencies becomes: 


Wind = ,,(1 — 2,7) 
where 
o17 = [r/(2w,,M) ]? = r°/[(4) (0.445)2KM] 
= r*/(0.795KM ) 
and similarly 


ond 


po” — [r ‘(2wo,M) ]* 
r2/[ (4) (1.247)2KM] = r2/(6.25KM) 


= won (1 — po?) '; 


lI 


and 


O3znd = Man | 1— p3")"?; 
ps? = [r/(2ws,M) ]? 
= r2/[(4) (1.802)2KM] = r2/(13.8KM) 


In order to demonstrate the above method, the simplifi- 
cation: K,; = Ky = Ks and M, = Ms =Msg was used. The 
method is equally applicable to K,~K.+~K; and 
M,; += Mz Msg. What has been presented is a method 
by which, after the natural frequencies and modes of vi- 
bration for an “equivalent undamped” system are found 
(by whatever method is convenient), one may easily find 
the natural frequencies and modes of vibration for the 
damped system. 
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UNITED ELECTRIC’s Type H9 and Type J10 controls 


Censitive re 


PRESSURE and VACUUM CONTROLS 





are highly sensitive precision built pressure and 
vacuum controls designed for applications where 
close on-off differentials and constant repeatability 
are required. Type J10, being uncalibrated, is smaller 
and less expensive than Type H9 which is calibrated 
and has a knob & dial adjustment. 





Specs: 





Various Ranges 


H9-J10 — between 30” Hg. Vac. 
and 15 P.S.I. 





Switch Differentials 


H9— % to 1 +o” W.C. de- 
pending upon model. 


jJio—% to 1 +%o” W.-C. de- 
pending upon model 





Switch Ratings 


Standardly 3 amps 115/230 A.C. 





Switch Types 


N.O., N.C., or Double throw, no 
neutral position. 





Electrical Connections 


Made to screw terminals on 
switches through clearance hole in 
enclosure. 





Pressure Connections 


One 44” NPT pressure connection. 





Size 


H9 —7” x 3%” dia. 
Jl0 — 6%” x 356” dia. 





Approximate Weight 





H9 — 3 lbs. 
Jio — 2% Ibs. 





UNITED ELECTRIC manufactures a complete line of tem- 
perature, pressure, and vacuum controls. For applica- 
tions requiring custom-built units or modified standard 
units, call upon a UE application engineer for recom- 
mendations. Write for complete specification and 


pricin 


ay =m 
—_— © 
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ed 


data on the Types H9 and J10. Similar data 
available on all other UE controls. 


United Electric Controls 


Cc OM 


Pike NY 
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Audio Measurements Techniques 


Frequency response and _ distortion 
measurements of amplifiers are dis- 
cussed in “The Panoramic Analyzer”. 
Automatic techniques for testing tape 
and disc recorders and pickups are also 
described. This booklet outlines how 
tedious point by point measurements 
of audio-frequency response and dis- 
tortion can be avoided by the use of an 
automatic scanning audio-frequency 
spectrum analyzer. 


Source: Panoramic Radio Prods., Inc. 
Mount Vernon, New York 
For Your Copy: Circle No. 162 on Inquiry Card. 


Specialty Steel Buyers’ Guide 


Excellent reference source is 40 page 
guide containing information on tool 
and die steels; stainless steels; high 
temperature alloys; electronic magnetic 
and electrical alloys; special purpose 
alloy steels; tubing and pipe and 
fine wire specialties. Includes tool steel 
selector chart which provides a system 
of matching tool steels. Numerous 
tables show the properties and work- 
ability of major types of stainless ‘steel 
and high temperature alloys. Section 
on electronic alloys contains graphs 
which compare expansion characteris- 
tics, electrical resistance, permeability, 
and magnetic flux density. 

Source: The Carpenter Steel Co. 


Reading, Pa. 
For Your Copy: Circle No. 226 on Inquiry Card. 








Widest Variety 





Highest Accuracy 


Size 8 Rotary Components 


* A Partial Showing 


Clifton Precision's size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have been 
shipped. These are the most accurate and best tested (because they are use tested) size 8 rotary components on the market today. 


3. Control transformer (lo Z) 4. Control transformer (hi Z) 5. Centro! 
transformer (very hi Z) 6. Torque receiver (26v. input) 7. Torque receiver (115v. input) 8. Torque differential (lo Z) 9. Torque differential 
(hi Z) 10. Electrical resolver (.5 t.r.) 11. Precision computing resolver (feedback winding) 12. Electrical resolver (1 tr.) 13. Linear trans- 
former (115v. input) 14. Linear transformer (26v. input) 15. Serve motor (1" length, .40 in-oz stall torque) 16. Motor generator (10v. input) 
17. Servo motor (53/64" long) 18. Serve motor (35v. center tap) 19. Servo motor (26v. center tap) 20. Motor generator (26v. input) 21. Serve 
motor (.30.in-oz stall torque) 22. D.C. motor (14v. input) 23. D.C. motor (28v. input) 


CLIFTON PRECISION PRODUCTS CO., INC. 


HEIGHTS, PA. 


Sales Office: 9014 W, Chester Pike, Upper Darby, Pa.—Hilitop 9-1200, TWX Flanders, Pa. 1122 


CIRCLE 54 ON INQUIRY CARD 


1. Terque transmitter (26v. input) 2. Torque transmitter (115v. input) 
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Mechanical Feedback Servovalve 


8-page catalog describes operating 
principles, design features and _per- 
formance characteristics of two series 
of mechanical feedback servovalves. 
The minaturized, two-stage, flow-con- 
trol valves provide high performance, 
simplification and compactness,  to- 
gether with a wide temperature capa- 
bility. A glossary of servovalve termi- 
nology is included in the catalog. 
Source: Moog Servocontrols, Inc. 


East Aurora, New York 
For Your Copy: Circle No. 142 on Inquiry Card. 


Electronic Multiplier 


16-page brochure describes an AM/FM 
electronic multiplier which provides 
dynamic accuracy of +0.05% of full 
scale at 500 cps. The brochure includes 
general description, features and _ per- 
formance specifications of the system 
which provides four quadrant multipli- 
cation of input variables at frequencies 
in excess of that feasible by other 
methods. A complete discussion of 
theory of operation is provided, with 
another section devoted to a new type 
discriminator which provides an exact- 
ly linear relationship between AM and 
FM outputs. Interconnection diagrams 
show how the multiplier can be easily 
converted to perform division and 
square root functions. 


Source: Computer Systems, Inc. 
New York City, N. Y. 
For Your Copy: Circle No. 224 on Inquiry Card. 


Precision Switches 


31 page catalog contains concise tech- 
nical information on a wide variety of 
basic switches and actuators. A defini- 
tion of switch terms and a discussion 
of contact performance is included 
along with complete specifications. 
Source: Illinois Tool Works 
Chicago, Illinois 
For Your Copy: Circle No. 228 on Inquiry Card. 


Semiconductor Diodes e 


A 17-page booklet discusses applica- 
tions of recently developed semi-con- 
ductor diodes. It covers varacter char- 
acteristics and measurements, varactor 
computers, silicon mesa computor di- 
odes, the Esaki tunnel diode and ther- 
moelectric devices. 

Source: Microwave Associates, Inc. 


Burlington, Massachusetts 
For Your Copy: Circle No. 225 on Inquiry Card. 


Solenoid Valves 


Booklet contains engineering informa- 
tion, simple selection guides, illustra- 
tions and flow diagrams of many types 
of solenoid valves. 
Source: Automatic Switch Co. 

Florham Park, N. J. 
For Your Copy: Circle No. 227 on Inquiry Card. 
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Airborne Switches 


16 pages of facts on a variety of rugged, high-performance, 
sealed, environment-proof and hermetically sealed switch- 
es. Booklet includes data on variations in mounting, actua- 
tors, electrical ratings, operating characteristics and contact 
arrangements to answer almost all aircraft switching re- 
quirements. 


Source: Micro Switch 
Freeport, Illinois 
For your copy: Circle No. 219 on Inquiry Card 


Temperature Measurement and Control 


23-page booklet discusses ways of putting temperature 
response to work, mercury-bulb instrumentation and nine 
basic types of controls. The engineering guide also provides 
basic concepts of electrical, pneumatic and mechanical con- 
trols. To illustrate instrumentation and what it can do, six 
brief case-histories are spotlighted. 


Source: Partlow Corp. 


New Hartford, N. Y. 
For your copy: Circle No. 217 on Inquiry Card 


WORTH BUYING 





Servo Engineer’s Handbook 


128-page engineering textbook on servo components opera- 
tion and the application of servomechanisms is extremely 
useful to designers of servo-systems. “The Servo Engineer's 
Handbook” deals with the use of individual components and 
although the basic theory is presented, the overall treatment 
is practical rather than classical. The author states that this 
is the first time that almost all practical servo component 
information has been assembled in a way that permits 
the designer to apply it immediately. Highlights of the 8 
chapter book include: design methods and evaluation of 
servo systems; theory of operation, system design considera- 
tions and complete evaluation factors of servo motors, rate 
generators, synchros, gear trains and servo amplifiers. A 
chapter entitled, “Servo System Engineering” includes: sys- 
tem design procedure; mathematical evaluation of the servo 
loop design; frequency response method; open loop analysis; 
introducing system stability. Environmental testing proce- 
dures are also given in book. Price $3.00 


Order your copy from: Daystrom Transicoil, 
Worcester, Montgomery County, Pa. 


Rate Gyros 


A new 62-page technical manual on subminiature rate gyro- 
scopes is a valuable aid to engineers for the application 
and understanding of these instruments. The manual opens 
with the basic principles of the gyro, then goes on to cover 
operating characteristics, standard types available, trans- 
former pickoff, and use and design of packages of one-, 
two-, and three-axis sensors for rate acceleration. A 20-page 
appendix to the manual discusses factors affecting gyro 
performance, gives sample specifications to aid the engineer 
in procurement for a diversity of applications, and also 
includes a complete glossary of gyro technology. Price $2.00. 


Order your copy from: Product Manager 


Subminiature Rate Gyros 
Sanders Associates, Inc. 
95 Canal Street 
Nashua, New Hampshire 
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Over 500 


solutions to # 


miniaturization problems 


There's a sure way to get precisely the miniature bear- 
ings you need. MPB makes them in over 500 types and 
sizes, ranging down to 1/10” O.D., with specials as 
required. For details, write MPB, Inc.,1sui Precision 
| Park, Keene, N. H. 








MINIATURE PRECISION BEARINGS INC. 





Helps you perform miracles in miniaturization 
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MOSINEE MAKES MAGIC wiTH PAPER 





Papers that resist air passage 
... MOSINEE Hydensels 





@ Have resistance to passage of air (densometer) 

up to 100 M seconds per 100 C.C. 

| @ Free from shives and other imperfections. 

@ Can be manufactured with resistance to grease 

and oil penetration. 

@ Excellent papers for coating—resist coating pene- 
tration. 

@ Ideal for release coatings—silicones, wax bar- 
riers, protective drip sheets, rosin packaging. 

@ Wide range of basic weights (20 to 70 Ib.). 

@ Quality uniform from roll to roll . . . carload to 
carload. 





mnon 








Write Dept. EMD—1 


eee MOSINEE 
PAPER MILLS COMPANY 
t Mosinee, Wisconsin 
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Quarter-Turn Fastener 


Lion Fasteners open and close with a 
¥%, turn, hold sheets tightly under the 
compression of a rugged spring. 
Quickly operated and fully retained 
in the outer panel, they are approved 
under U. S. Government military speci- 
fications. Stud and receptacle float for 
easy alignment and simplified hole 
preparation. Flush, oval, wing, knurled, 
ring, and key head styles available. 
Sizes—No. 2, No. 5, and High Strength 
for extra heavy duty. 








Cabinet Latch 


Just drill a hole, push the fastener stem 
through, and slide the special push-on 


%* Quotation from “Designing Electronic Equip- 
ment for Maintainability’; Machine De- 
sign, July 12, 1956. 


Quick-Opening Fasteners 


Selecting S$ mall Fastenings for Metal Closures 


"Use captive fasteners wherever feasible .. . Avoid the use of loose washers and loose 
nuts... Fasteners on equipment covers should be operable either with no tools or with 


standard hand tools’’* 


(John D. Folley, Jr. & James W. Altman, Research Scientists, American Institute 


for Research) 


clip into place. No welds, screws, bolts 
or rivets: the fastener is permanently 
installed in seconds! 


Adjustable to any grip length or panel 
thickness, the pawl is fixed in place by 
a single set screw. The fastener’s 
brightly finished knob is set off by a 
plated washer. Also furnished with 
screwdriver operated flush head. 








Spring Tension Latch 


For fastening slide-out drawers and 
hinged panels the Southco Arrowhead 
Latch is recommended. It locks or 
opens with a quarter turn yet occupies 
less than 42” inside space. 


Doors are held under spring tension— 
a push against the arrowhead knob 
relaxes this tension, allows operation 
with fingertip ease. Drill a single hole 
for installation—no fastening to the 
door is necessary. No striker plate 
is needed. 


Pawl stop is eliminated—arrowhead 
shows at a glance exact position of 
pawl. 
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Adjustable Panel Latch 


Small doors and panels can be fastened 
with greatest speed and lowest cost 
with the Southco Adjustable Latch. 


The entire fastener is quickly installed 
through two holes punched in the 
door; no bolts or rivets are needed. 


It operates with a quarter turn, requires 
no striker plate. An extra twist after 
the nylon pawl is engaged pulls up the 
door to form a seal and eliminate 
vibration. 


Available with wing, knurled, or 
Phillips head. 







ry seater 

‘ann Free 
Fastener 
Handbook 


Send for your complete Southco Fas- 
tener Handbook, just printed. Gives 
complete engineering data on these and 
many other special fasteners. 


Write on your letterhead to Southco 
Division, South Chester Corporation, 
261 Industrial Highway, Lester, Pa. 


EFASTENERS 
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COMPONENTS DIGEST Il, 
POTENTIOMETERS 


Part Il, High Temperature Potentiometers 





Resistance potentiometers were de- 
scribed generally in Part I of this 
Components Digest, which appeared 
in our 1958 December Issue. Part II 
covers some problems and develop- 
ments in potentiometers for high tem- 
perature applications. General design 
and material selection factors applica- 
ble to electromechanical components 
for high-temperature operation were 
considered in Components Digest No. 
10. Many of the principles presented 
there are reconsidered here with spe- 
cific reference to resistance potenti- 
ometers. 

This presentation is not a complete 
survey, but rather a summary of in- 
formation submitted by manufacturers 
in response to a questionnaire. 

The first section reviews general de- 
sign factors relating to high tempera- 
ture performance. The second section 
describes a variety of commercial 
potentiometers suitable for operation 
between the temperature limits of 
175°C and 260°C. The third section 
expands coverage to potentiometers 
operating above 300°C, including ex- 
perimental varieties not yet available, 
and forecasts future developments. 

Components designed to operate at 
elevated temperatures are usually 
characterized in terms of “maximum 
operating temperature”. Bourns’ en- 
gineers point out that this term has 
various connotations. One interpreta- 
tion common in the components indus- 
try is the temperature at which power 
is derated, a second is the maximum 
temperature at which the component 
will operate within specifications on a 
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short term emergency basis; a third is 
the maximum temperature at which the 
component will operate without failure 
over an extended period of time—1000 
hours, for example. 

Many of the materials used in the 
potentiometers on the market today, 
they say, withstand short-time opera- 
tion at elevated temperatures, but are 
completely unsatisfactory for extended 
periods of time. Finding or developing 
materials that will operate satisfac- 
torily for a long time, they say, is the 
major problem in high-temperature pot 
design. 

They point out also that a distinc- 
tion should be made between maxi- 
mum operating ambient temperatures 
and maximum operating internal tem- 
peratures. Many pots described as 
175°C units, for example, will not 
stand sustained exposure to 175°C 
ambients. The temperature designa- 
tion often means that the internal com- 
ponents, such as the resistance element 
and contact materials, are designed to 
withstand 175°C for sustained periods 
of time. 

Eugene Maurey, President of Maurey 
Instrument Corp., Chicago, Illinois 
says that choice of materials is the key 
to design of high-temperature electro- 
mechanical products. Relative expan- 
sion of materials with temperature 
must be carefully considered. Each of 
the materials used must withstand the 
desired temperature with an adequate 
factor of safety. The first material in 
a component to deteriorate with tem- 
perature rise, he says, is the major 
limiting factor in high-temperature 





TABLE | 


Materials 
for High-Temperature Pots 





To 125° C Some phenolics, Mylor, Teflon, 
ceramics, epoxy filled fibre glass, silicone 
resin fibre glass, most epoxy fillers, 
aluminum, bronze, brass, 303 stainless 
steel, all precious metals, stainless steel! 
ball bearings, most enameled resistance 
wire, Mycalex, mica, phosphorus bronze, 
beryllium copper. 


To 150° C Some phenolics and epoxies, 
fibre glass filled Teflon, mica, Mycalex, 
aluminum, brass, bronze, 303 stainless 
steel, ceramics, most bare resistance wire, 
high temperatur> solder, Saureisen 
cement, beryllium copper, cobalt-chrome- 
nickel alloy. 


To 250°C Ceramics, mica, Mycalex, 
welded joints, 303 stainless steel, dry 
molybdenum disulfide, Saureisen cement, 
some resistance wires, glass, cobalt- 
chrome-nickel alloy. 


To 350°C Alumina ceramics, mica, My- 
calex, a few resistance wires, Saureisen 
cement, glass, cobalt-chrome-nickel alloy. 











performance of that component. 

Table I is a list of materials sug- 
gested by Mr. Maurey as acceptable 
for use in design of pots for various 
temperature requirements. Undoubted- 
ly, he says, other materials can be 
added to the list, but, as the table 
indicates, the number of available ma- 
terials decreases as the temperature 
requirements increase. 
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In the following paragraphs Mr. 
Maurey discusses briefly some of the 
factors that must be given detailed 
consideration in high-temperature pot 
design. 


@ Bearings. Particular emphasis must 
be given to bearing design. Even stain- 
less stee] bearings tend to corrode and 
become welded in place or excessively 
worn in but a short time at elevated 
temperatures. The possibility of using 
ceramic bearings is being considered. 


@ Sealing. At elevated temperatures, 
sealing the unit at the shaft end is 
practically impossible. This is primarily 
due to the unavailability of a high- 
temperature flexible material to act as 
a seal. Also, the difference in the co- 
efficient of expansion of adjacent ma- 
terials makes sealing difficult. Fortun- 
ately, the environment is often dry at 
high temperatures, so that sealing the 
potentiometer is unnecessary. 


@ Temperature Coefficients. Relative 
expansion of materials in close prox- 
imity to one another at elevated tem- 
peratures must be carefully considered. 
A strong mechanical joint of two ma- 
terials with unlike temperature coeffi- 
cients frequently results in a loose joint 
after it is once subjected to a tem- 
perature cycle. Brazing of metals to 
compatible ceramics is good practice. 
Mechanically joined materials with 
similar temperature coefficients and 
welded joints are acceptable connec- 
tions. Electrical connections must be 
mechanically as well as_ electrically 
joined. 

@ Contacts. The number of sliding 
contacts on a potentiometer should be 
reduced to the minimum. If possible, 
a pigtail or equivalent arrangement 
should be used rather than a conven- 
tional wiper on the collector ring. 


@ Spring Material. Few acceptable 
materials retain their spring quality at 
elevated temperatures. One of the best 
is an alloy of cobalt-chrome-nickel 
which is useful to 400°C. This ma- 
terial resembles a hard stainless steel 
but can be welded and formed. 


@ Winding Element. Perhaps the 
greatest single stumbling block in high 
temperature potentiometer design, 
Maurey says, is the winding element. 
He quotes David Lawton, of Tech- 
nology Instrument Corp., as saying, “If 
you can make a good winding, you 
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can make a good pot!” Maurey adds 
that this is equally true in high-tem- 
perature potentiometer design. The 
most acceptable mandrel materials, 
Maurey says are ceramics of a high 
tensile and compressive strength. 

Another limiting factor in design of 
high-temperature potentiometers, Mau- 
rey points out, is that they may be 
required to withstand the effects of 
radiation. This requirement presents 
additional problems in design, because 
it further limits the number of ma- 
terials that can be used. Frequently, 
a material that is acceptable for a 
high-temperature is particularly sus- 
ceptible to radiation. Such is true for 
cobalt alloyed metals. Some materials 
that resist radiation, corrode at high 
temperatures. Perhaps the final answer 
to the problems of radiation, he says, 
will be an adequate shield of elec- 
tronic components from the source of 
the radiation. 


Intermediate Temperature Pots 


This section describes the performance 
of some commercially available po- 
tentiometers that have met specified 
test requirements for performance in 
intermediate temperature ambients. 

Background information on molded 
conductive plastic potentiometers is 
also included because this type of unit 
was overlooked in Part I and because 
conductive plastic elements are in- 
herently suited to intermediate tem- 
perature operation. 


s~MARKITE 
CONDUCTIVE 
PLASTIC 
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Conductive Plastic element 








CONDUCTIVE PLASTIC POTS 


Element. Markite molded resistive 
elements embody a hard, smooth, con- 
ductive plastic, which can be provided 
in a wide range of electrical charac- 
teristics. The element consists of a solid 
track of conductive plastic integrally 
co-molded with terminals and taps to 
a rigid supporting structure of a 
mineral-filled phenolic non-conductive 
plastic which has a matched thermal 
expansion coefficient. Figure 1 illus- 
trates a typical plastic element con- 
figuration. The conductive track is ap- 
proximately 0.030 x 0.040 inches in 
cross section in standard units, but the 
area can be varied to meet specific 
requirements. The extremely low co- 
efficient of friction of the element per- 


mits unusually high wiper forces which 
result in excellent shock and vibration 
characteristics while maintaining low 
torque. Markite potentiometers have 
withstood vibrations to 70g at 5 to 
2000 eps and shock loads of 100g with- 
out malfunction. 

Terminals and Taps. The integrally 
molded terminals and taps form a 
permanent part of the resistive track 
at the point of their intersection with 
the resistance element and cannot be 
shaken or vibrated loose. Tap width is 
not significant electrically since the 
tap intersects the element track below 
the wiper contact surface. Thus, short- 
ed areas normally found at tap loca- 
tions are eliminated and continuous, 
essentially infinite, resolution is main- 
tained. 

Mechanical terminal and tap posi- 
tions are located within machining 
tolerance in the molding dies. Duplica- 
tion, from prototype to production, and 
from element to element is assured 
since each unit is an exact mirror re- 
production of the die. Electrical tap 
locations can be controlled to toler- 
ances far closer than normal linearity 
bands. 

Contacts. Controlled, heat-treated, 
beryllium - copper cantilever springs 
with precious metal contacts are used 
for the wiper and take-off system. 
Noise. In any type of potentiometer 
there are three major types of noise: 
mechanical, electrical, and _triboelec- 
tric. If it were possible to detect wiper 
voltage with a truly infinite impedance 
measuring device, both mechanical and 
electrical noise would be non-existent 
in the voltage output of a Markite 
pot. Mechanical noise results from 
spurious motions of the wiper caused 
by externally applied shock and vibra- 
tion, which varies contact resistance 
and causes minute high frequency out- 
put variations. Ability of conductive 
plastic units to use high brush forces 
generally reduces this component of 
noise to an insignificant factor. . 

Electrical noise in a conductive plas- 
tic potentiometer is a repeatable varia- 
tion of contact resistance caused by 
micrononlinearities in the element and 
is independent of wiper velocity. Since 
this component of noise appears in 
use-circuits as a variable resistance 
in the wiper circuit, it is not significant 
under conditions where the pot is feed- 
ing into moderately high impedances. 
Electrical noise often improves with 
“wearing-in” of the element and wiper 
combination. This occurs because a 
wiper bearing area is produced which 
tends to average out minute linearity 
variations. 


Triboelectric noise is a self-generated 
EMF which occurs when two dif- 
ferent materials are rubbed together. 
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Excitation voltage rating vs. tempera- 
ture ambient of standard conductive 
plastic elements 


The low co-efficient of friction between 
the conductive plastic element and the 
wiper results in a triboelectric com- 
ponent that is in the order of micro- 
volts and can therefore be considered 
negligible. 

Noise in a conductive plastic po- 
tentiometer is substantially independent 
of operational life. Life test noise 
traces actually exhibit a substantial 
reduction in noise over more than 90% 
of the electrical travel during the first 
30 million revolutions. 

Resolution. The resolution of Markite 
Potentiometers is virtually infinite. 
Tests have shown that the resolution 
is better than 40 millionths of an inch, 
which represents the limit of the test 
equipment. 

Linearity. Linearities of +0.05% are 
available on single turn 1-5/16 inch 
diameter units and +0.01% linearity is 
available on single-turn, 5-inch units. 
These linearities are not significantly 
affected by temperature, humidity 
variations. 

Power Dissipation. It is customary to 
specify power dissipation capacity of 
potentiometers in terms of wattage vs 
ambient temperature. Wattage is then 
converted to applied voltage vs am- 
bient temperature. Since voltage is the 
desired parameter derived from the 
power dissipation curve, and _ since 
voltage gives a more realistic measure 
of potentiometer performance (it is in- 
dependent of resistance changes), 
power dissipation is often presented 
as a series of voltage curves vs am- 
bient temperature for specific element 
resistances. 

The above figure is a plot of applied 





Markite type 2064 


potentiometer 
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voltage per linear inch of resistance 
element vs ambient temperatures for 
specific element resistances. ‘The curves 
indicate excitation voltages safely with- 
stood by elements for a minimum of 
500 hours. Higher temperatures or 
voltages are possible for shorter periods 
of time. Immersing the element in 
clean oil improves heat dissipation and 
increases the wattage rating by a fac- 
tor of two in most cases, 

The capacity of Markite potentiome- 
ters to withstand high temperatures is 
a function of the duty cycle at the high 
temperature and the degree of degra- 
dation that can be tolerated. Units have 
withstood 290C ambient temperatures 
and have exhibited satisfactory per- 
formance characteristics. 

Markite says they did not design 
their standard pots to operate at 200 
to 250C; satisfactory applications of 
units in this temperature range re- 
sulted in large part due to the inherent 
thermal resistance of the conductive 
plastic element. Essentially all they 
needed to do for these applications 


was to substitute 95-5-10 antimony 
composition for soft solder and to 
gold plate the silver parts, because 


silver has a tendency to oxidize at 
higher temperatures. 

All electrical contacts are mechani- 
cally and electrically joined so the con- 
tact will be secure under extreme con- 
ditions of temperature and vibration. 

In one application of a Markite pot 
at these temperatures, a 20-64 recti- 
linear unit was modified as described 
above for short term operation in hy- 
draulic fluid at 260C. To evaluate the 
instrument for this application several 
Type 2064 rectilinear pots were tested 
immersed in OS-45-1 hydraulic fluid 
under static and dynamic conditions 
for periods of from 1 to 3 hours. A 
summary of the results showed that 





Markite type 2094 and 


3033 potenti- 


ometer 

operation of the potentiometer ap- 

peared satisfactory during all tests. 
The good results of these tests 


prompted Markite to run more exten- 
sive tests of their own. For these tests 


they used their standard 2094 rotary 
units. Again, the only modifications in 
the units were that the solder was 


changed and the silver parts were gold 
plated. First they conducted rotational 
and static life tests at 200C with no 


load on the units. Nine units under 
static conditions and four units run at 
120 rpm were tested for a period of 
1000 hours. The purpose of the test 
was to determine the suitability of the 
conductive plastic element for opera- 
tion at 200C. It was found that aver- 
age linearity of the four rotational 
samples was virtually unchanged as 
was noise level and contact resistance. 
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Bourn Model 113 potentiometer 

Bourns new high temperature linear 
motion potentiometer, Model 113, de- 
signed to operate at temperatures up 
to 260°C will give precision electrical 
indication of mechanical position when 
used with hydraulic actuators, pneu- 
matic valves and linkage components. 
The instrument operates with a high 
level ac or de signal, requiring no 
amplification for use in recording, con- 
trol and telemetering circuits. 

High temperature operation is made 
more reliable by the incorporation of 
Bourns’ exclusive Silverweld resistance 
element termination. In this design, a 
broad band of metal is fused directly 
to the resistance element. The external 
terminals are then fused directly to 
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| TRANSDUCER 


Ranges: 0.1 

Differential. 
Pressure Media: Corrosive liquids or 

gases, both sides. 

Withstands Extreme Overpressure. 
High Natural Frequency for dynamic 
response, 

PACE's Model P7 Transducers are de- 
signed for low and medium pressure 
measurements of laboratory accuracy in 
aircraft and missile flight and ground 
test applications. 
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13035 Saticoy Street 
North Hollywood, California 
7-7139 
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Bourns Silverweld* Termination 
*trademark 


this band. Fusion provides a continuous 
electrical circuit from one external 
termination through the resistance ele- 
ment to the other external terminal, 
rather than just a mechanical connec- 
tion. Some of the advantages of this 
new termination technique, Bourns 
says, are: 

@ It works extremely well with the 
hard Nickel-Chrome alloys, providing 
a secure bond that cannot be broken 
without actual destruction of the ele- 
ment itself. 

@ Unitized element construction elimi- 
nates the danger inherent in drawing 
one strand of resistance wire away from 
the body of the element. 

@ It may be used with ceramic cards 
to provide a resistance element of ex- 
tremely high temperature capabilities. 
Elements of this type have been tested 
to over 500°C and have also been 
temperature cycled from room _ tem- 
perature to 230°C without failure. 

@ Its mechanical strength is extremely 
high and it is virtually unaffected by 
vibration or shock. 

In addition, the element is manufac- 
tured with low temperature coefficient 
resistance wire and ceramic mandrel 
for excellent stability at extreme tem- 
peratures. 

The body of the potentiometer is 
made of stainless steel to resist cor- 
rosion. The bearings are made of a 
sintered material with a special high 
temperature oi] added. The block that 
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Maurey 50-M14—-1/2 diameter Trim- 
mer potentiometer; resistance range 25 
ohms; ambient temperature range of 
—55° to +175C; power rating of .5 
watt at 150C derated to 0 at 175C. 
Toroidal wound mandrel and stainless 
steel housing with mica and ceramic in- 
sulation. 


wouat: . 
Teeenre, Camala 
eoretie eRe 








Helipot “‘Helitrim”—1%4 long trimmer 
potentiometer; conductive glass resist- 
ance element; resistance range: 500 to 
20,000 ohms; ambient temperature 
range: —55° to 200C; power rating 1.5 


watts at 120C derating to 0 at 200C. 





Waters: Type HT-1—‘Hotpot”—1” di- 
ameter single turn precision poten- 
tiometer; ambient temperature range of 
—55° to +225C; power rating 1 watt 
at 200C, derated to 0 at 225C. Ni- 
chrome resistance element wound on a 
ceramic toroidal mandrel. 











Technology Instrument Corp. HHF-2— 


2” diameter single turn servo precision 
potentiometer. Resistance range 500 to 
50K ohms; ambient temperature range 
—65° to +225C; power rating 2 watts 
at 75C derated to zero at 225C. Her- 
metic 


sealed, meta’ic film, resistance 


element. 





Daystrom Pacific Series 314 poten- 


tiometer. 








and to jig up. 
WELDING HEAC WHD 5A 


STORED ENERGY POWER SUPPLIES 


couple welders and tackers ° 











MINIATURE WELDERS 


WELDING HEAD WHD 4A 
Bench welding head with foot or air operation Pressure 1 to 
20 Ibs. Precise, linear, motion. Stroke 2”. Easy to set up 


For miniature and subminiature welds. Pressure ¥2 ounce to 
3 Ibs. For wire welds .0005 to .020” dia., other very small 
parts. Ball bearing operation, ultra low mass. 


3.6 watt-second small, low cost model. 50 and 100 watt- 
second models for heavier work and low resistance alloys. 
Timer controlled AC power supplies * Portable thermo- 
Tapwelders for Potenti- 
ometers * Special welders for small parts 


Submit parts for sample welds and ask for data sheets. 





ROUTE 7E KENT, CONN. 
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DEGREES C 


Power rating of Daystrom 314 pot 


holds the resistance element is a for- 
mica fibre glass laminate which has a 


maximum operating temperature of | 
about 300°C. All internal joints that | 


require strength are brazed with noble 
metal or spot welded. Potting com- 


pounds are silicone adhesives made by | 


Dow Corning. Wiper springs are stain- 
less steel. Power rating of the unit is 
4.0 watts at 40°C derated to 0.1 watt 
at 260°C. Vibration level without elec- 
trical discontinuity or error greater 
than 12% is 15G, 20-2000 cycles. 
Model 113 is designed to meet or 
exceed most government specifications. 
Many special features, including cen- 
ter-taps, variable mounting, shaft con- 
nectors, turret terminals and_ other 


custom styled features can be incor- | 


porated in this new model. 


Daystrom Pacific Series 314 sub- | 


miniature high-temperature potenti- 
ometers meet requirements of applica- 
tions where temperatures to 250°C are 
encountered and space is at a premium. 
Only % inch in diameter and weighing 
10 grams these single-turn, wire-wound 
units are available in resistance values 
from 10 ohms to 50K, in servo, panel, 
or panel with shaft lock mountings. 
Best practical linearity is 0.5% 

Three of these units, load-life tested 


at 215°C for 1000 hours with 0.5 watt | 
power applied, met or exceeded speci- | 


fications Jan-R-19 (7), Paragraph F-3i | 


and MIL-R-19A, Paragraph 4.6.8. 
Power was applied in cycles of l'2 
hours on and % hour off over the 1000 
hour period. Before testing, resistance, 
noise and insulation resistance were 


measured. After 1000 hours under tem- | 


perature and load the maximum change 


in resistance was 1.95%, equivalent | 


noise resistance had increased to only 
10 ohms which is 1/10 that allowed 
in the specs, and insulation resistance 


remained in excess of 100 megohms. | 


300 To 500° C Pots 


A good way to determine what the next | 


generation of pots will be like is to 


find out what kind of temperatures and | 


performance the Military is specifying 
in their research and development con- 
tracts. The answer is contained in a 
specification for “Ultra-High Tempera- 
ture Radiation Resistant, Precision, 
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quality control engineers 





APPROACH TO Q.C. 
... from conceptual realization of a 
product through obsolescence 


It has long been the policy of General Electric’s Ordnance 
Department to insure the operational capabilities of its 
products through a totally integrated quality control 
program. 


Quality control starts at the proposal stage when a master 
Q.C. plan is formulated. As advanced design progresses, 
quality control engineers work closely with design groups 
in areas that will affect quality and production costs, Coin- 
cidentally incoming materials are subjected to rigid quality 
controls and continuing liaison is maintained with vendors 
to insure maintenance of specifications. As a product 
moves into the production phase continuous monitoring of 
manufacturing processes is performed, not only to certify 
previous reliability criteria but with a view to improving 
product capabilities through institution of better produc- 
tion pao oy Cost-production evaluation is also carried 
out to prove feasibility of any given Q.C. plan on an indi- 
vidual product. 


Immediate openings for experienced Q.C. Engineers on 
such programs as Torpedoes.. . Other Underwater Weap- 
ons... Fire Control Directors.. . Missile Launching “is 
Handling Equipments... Inertial Guidance Equipments... 
Navigationa Equipments.. 

If you possess a degree in engineering and from 3 to 12 
years experience in quality control, we invite you to inves- 
tigate these openings: 

a.c. ENGINEER — TEST PLANNING 

Q.C. ENGINEER — COMPONENTS 

a.c. ENGINEER — SYSTEMS 


ing pve for these positions should have a BSEE, BSME 
Sin Physics with emphasis having been placed on elec- 
tronics. Must be able to work well with other people and 
analytical ability to reach sound solutions to problems. It 
is desirable to have some Fire Control and/or Radar ex- 


. perience and also be familiar with digital techniques, 


printed boards and transistorized circuits. 


- Please forward your inquiries including 
salary requirements in complete confidence to: 
Mr. R. G. O’Brien Div. 29 MA 


ORDNANCE DEPARTMENT 
of the Defense Electronics Division 


~ GENERAL @® ELECTRIC 


100 Plastics Ave., Pittsfield, Mass. 


WRITE DIRECT OR CIRCLE NO. 57 ON INQUIRY CARD AND INCLUDE HOME ADDRESS 


tl 
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Borg Equipment Division—Recti inear 
precision potentiometers. For guided 
missile application. Temperatures to 
300F. 














1l_ PS-GI 





Electro-Mec Type Single 
turn precision potentiometer, operates 
continuous with 2 watts at 343C. Resist- 
ance element and slip rings are a plati- 
num alloy; insulating material is cer- 
amic. Designed to resist nuclear radia- 
tion. 





Borg Equipment Division—Rotary dual 
winding potentiometer. For jet engine 
application. Temperatures to 300F. 









FREEDOM 








Our rtial guidance systems utilize two-degrees-of-freedom 
yyros. If you would like to do advanced work with these and 
have had at least a year of engineering experience, please i 
write Mr. C. T. Petrie, Manager, Research & Engineering Staff. 









LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 
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Maurey Type 200-M27—2” diameter 
precision potentiometer; resistance 


range 250 to 100K ohms; ambient tem- 
perature range —55C to 325C; power 
rating of 4 watts at 300C, derated to 0 
at 325C. All ceramic housing, bearing 
and shaft. Wire-wound resistance ele- 
ment on a ceramic toridal mandrel. 
Highly resistant to nuclear radiation. 


Potentiometers” written by the Wright 
Air Development Center. 

The Air Force is looking for poten- 
tiometers that will do everything other 
pots do and also operate under 2 watts 
of load at 500°C. Resistance change 
is to be no more than 5%, noise is not 
to exceed 500 ohms, linearity must be 
%% for precision units and 1% for 


standard units. In addition to these 
high - temperature requirements, the 
units must operate satisfactorily at 


—55°C and at 95% humidity, they 
must withstand accelerations of 10G, 
and they must be radiation resistant. - 

A major problem in design of poten- 
tiometers for very high temperature 
applications mentioned by _ Bourn’s 
Application Engineers is volitization of 
the enclosure material, potting ma- 
terials or cements which can coat the 
surface of the resistance element and 
the contact spring causing noise to the 
extent of an erratic output. 

Another problem, they point out, is 
that of sealing units required to resist 
effects of humidity at low tempera- 
tures following exposure of the units 
to high temperatures. Of course many 
high temperature applications in mis- 
siles are one-shot operations where the 
only humidity requirements are those 
that have to be met on the ground. 
Sealing against humidity in such cases 
is not so difficult. 


ELECTROMECHANICAL DESIGN 





George 
gineering < 
when you 
region, evé 
terials such 
not satisfac 
general, are 
into desigr 
metal and 
lation has 
tacts beco 
temperature 
are a requi 
of oxidation 
at these ele 

A good ¢ 
evaluating 
Brown says 
perature th 
keep the | 
and the de: 
ple to avoic 
errors and { 
of temperat 

An appro 
problem thi 
Brown sugg¢ 
cooling the 
is often use 
where wate 
In some ca: 
haust press’ 
engineers h 
keep the 1 
reasonable 

In spite « 
however, B 
cally new b 
state-of-the- 
velopment « 
terials and 

It must 
performance 
not as goot 
perature bu 
ferent to wv 
new instrun 
ment appro 

Bourns r 
veloped a ] 
wound pot 
successfully 
proximately 
been spent 
expect to | 
this design 

Comment 
Bourns pre 
age of theii 
high tempe 
film-type ele 
oxide, glass 
seem to h 
rating unde: 


JANUARY 196 





ler 
ice 


ng 


1a- 
he 
nd 
he 


sist 
ra- 
its 
ny 
\is- 
he 
se 
id. 


ses 


GN 


George Brown, Director of En- 
gineering at Bourns, ‘Inc., says that 
when you get into the 300 to 500°C 
region, even high temperature ma- 
terials such as silicones and Teflon are 
not satisfactory; flexible materials, in 
general, are left behind. You are forced 
into designs that are practically all 
metal and ceramic. Even wire insula- 
lation has to be ceramic. Wiper con- 
tacts become especially critical as 
temperature increases. Noble metals 
are a requirement to avoid the danger 
of oxidation or surface contamination 
at these elevated temperatures. 

A good principle to keep in mind in 
evaluating high temperature pots, 
Brown says, is that the higher the tem- 
perature the more important it is to 
keep the number of elements small 
and the design of these elements sim- 
ple to avoid the accumulation of gross 
errors and friction problems as a result 
of temperature expansion. 

An approach to the high-temperature 
problem that should not be overlooked, 
Brown suggests, is water cooling or air 
cooling the instrument. This technique 
is often used, he says, for small units 
where water or cooling air is available. 
In some cases where rocket engine ex- 
haust pressures were to be measured, 
engineers have used this technique to 
keep the measuring instrument at a 
reasonable working temperature. 

In spite of the difficulties presented, 
however, Brown believes that no criti- 
cally new break through in the current 
state-of-the-art is required in the de- 
velopment of 500°C pots; suitable ma- 
terials and techniques now exist. 

It must be admitted, he says, that 
performance at these temperatures is 
not as good as at normal room tem- 
perature but it is not sufficiently dif- 
ferent to warrant developing entirely 
new instrument designs or new instru- 
ment approaches. 

Bourns reports that they have de- 
veloped a prototype model of a wire- 
wound potentiometer that operates 
successfully in excess of 350°C. Ap- 
proximately 3 years of research have 
been spent on this development. They 
expect to have production models of 
this design available in a few months. 

Commenting on _ future _ trends, 
Bourns predicts that a large percent- 
age of their developments in the very 
high temperature pot. field will use 
film-type elements. They say that metal 
oxide, glass and vacuum deposited films 
seem to have high stability power 
rating under high temperatures. 
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Fig. 17—Schematic diagrams showing the 
effects of temperature on remanence. 
; me Mes T T T T 
iio 
-50 hm 50 100 Is0 200° 250 300 350 °C 
. f temperature 
to” -th 4 
— 
f -2- — = = 
— 
L an —, ~~, : 
| =AB¢ _4L REVERSIBLE . 
Bq IRREVERSIBLE "=~ 
+ = Fo - 5 L/O SYMBOL 4 
- -6} 20+ + + i, 4 
el 36 AAA ™~, ™ 
8O ao co oa 1 
a -8- 4 
a | 
-10 i 4 ' i i 1 A 














Fig. 18—Variations in remanence of Alnico 2 due to temperature. 
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High TemperatugoMpor 


Permanent Magnets 


Some modern applications require that 
permanent magnets operate at rather 
high temperatures (often above 
300°C). The question whether mag- 
nets perform satisfactorily at such tem- 
peratures can be answered affirmatively 
for most common commercial magnet 
materials of the present. 

The various effects of temperature 
on the remanent induction of magnets 
can be classified as: 

(a) reversible effect 
(b) irreversible effect 
(c) material effect 

These effects are illustrated in the 
schematic diagrams of Fig. 17. Rema- 
nent induction (By) usually decreases 
as temperature is increased. For small 
temperature ranges this decrease can 
be entirely reversible (see diagram of 
Fig 17a). The original value of rema- 
nent induction is regained upon return 
to room temperature (25°C). 

For wider temperature ranges, an 
irreversible loss of remanence is likely 
to occur in addition to the reversible 
change; i.e. upon return to room tem- 
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rat perature the remanent induction, 
1er B,’/(25), is below the original value 
ve B,(25). This loss can be regained by 
ig- re-magnetization. 
m- At even higher temperatures, the 
sly material can change. This change in 
et turn influences the hysteresis loop ‘and 
remanent induction. Changes in the 
ire material may result in lowering or in 
ets raising the remanent induction. The 
original value B,(25) cannot be re- 
gained by re-magnetization. In dia- 
gram c of Fig. 17, re-magnetization 
yields B”,(25). 
he At high temperatures, the three ef- 
1a- fects are likely to occur together. How- 
SES ever, there are means to minimize or 
all nullify the irreversible loss and the 
an material effect prior to the application 
of of the magnets. 
1a- Irreversible losses usually occur only 
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cycles, the changes of remanent induc- 
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Fig. 2la—Variations in remanence of 
Alnico 5 due to temperature. 
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Information in this section is based on work performed 
by the Indiana Steel Products Co., under sponsorship 


of the U. S. 























A. F. Wright Air Development Center. 
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Fig. 19—Variations in 
Alnico B due to temperature. 
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Fig. 20—Variation in 


Alnico 4 due to temperature. 
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Fig. 2lb (top)—Reversible changes of remanence of 


Alnico 5 ‘with temperature. (after 1000 hours at 548C). 
(bottom) Changes of remanence in Alnico 5 at 548C. 
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Fig. 22a—Variations in remanence of 
Alnico 6 due to temperature. 





temperatures of this range. On the 
other hand, the common a-c stabiliza- 
tion can be used also to stabilize mag- 
nets against irreversible losses due to 
temperature. However, to secure sta- 
bility, the “a-c knock-down” of rema- 
nence has to be at least twice as great 
as the irreversible loss which would 
result from temperature cycling. 

The material effect is rather dif- 
ferent for various materials. Ceramic 
magnets have no material effect in 
their useful temperature range. The 
material of Alnico V and VI magnets 
after the technical heat treatments is 
fairly stable up to 550°C. Changes in 
remanent induction due to changes in 
the Alnico V and VI material usually 
do not exceed +3% of the value at 
room temperature. These changes can 
be reduced to less than +1% by proper 
heat treatments. Other Alnico alloys 
are also fairly stable in this tempera- 
ture range; however, the remanent in- 
duction of Alnico II, III, and IV 
magnets is lowered considerably 
through irreversible losses and the 
reversible changes. 

When magnets are properly heat 
treated and stabilized against irreversi- 
ble losses, their remanent induction 
still changes reversibly according to 
the solid curves of the diagrams in 
Figs. 18 to 23. These diagrams contain 
also the irreversible losses measured at 
room temperature after stabilization at 
the temperatures indicated by the 
dashed lines. 

Note in these diagrams the follow- 
ing facts: 

@ The dashed lines show that irre-_ 
versible losses are the greater the 
smaller the length to diameter ratios 
(L/D) of the magnets. This means 
that magnets operating in the lower 
portion of the demagnetization curve 
have greater irreversible losses than 
the ones operating in the higher por- 
tion. 

@ Figures 2la, b and 22a, b show 
that the reversible changes can de- 
pend on the L/D of the magnets. 
Moreover, comparison of Figures 21a 
with 21b and 22a with 22b shows that 
heat treatment influences the reversible 
effects. Therefore, it seems advisable 
in critical applications to discuss the 
temperature effects with the magnet 
manufacturer. This advice also holds 
for applications of magnets at tem- 
peratures beyond 550°C. 
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Whatever you need in silver you can find at the 


HANDY & HARMAN SILVER SUPERMARKET 








Special today—and every day— 
silver in every form and grade 
you can name. By the ounce, inch, 
foot, and every other measure 
known to man. 


All are of the consistent quality 
that has made—and kept—Handy 
& Harman first in the manufac- 
ture and development of silver 
and silver alloys for industry. 


At the right are some of the 
general forms of silver made by 
Handy & Harman (what you don’t 
see, ask for): 


Fine Silver (wire, strip and foil) 
Silver Anodes and Grain for plating 
Silver Contact Alloys 

Silver Powders 

Silver Flake and Paint 

Silver Brazing Alloys 

Silver Electronic Solders 

Silver Sintered Metals 
Solder-Flushed Silver Alloys 
Silver Chloride and Oxide 

Coin Silver (wire and strip) 

Silver Bi-Metals 

Gold, Platinum and other precious 
metals also available in every form 


you need 


ma Fp? 
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VISIT OUR BOOK 
DEPARTMENT 


We have five Technical Bulletins giv- 
ing engineering data on the properties 
and forms of Handy & Harman Silver 
Alloys. We would like you to have 
any or all of those that particularly 
interest you. Your request, by num- 
ber, will receive prompt attention. 


Fine Silver Bulletin A-1 


Silver-Copper Alloys . Bulletin A-2 
Silver-Magnesium-Nickel Bulletin A-3 
Silver Conductive Coatings Bulletin A-4 


Silver Powder and Flake Bulletin A-5 


Source of Supply and Authority on Precious Metal Alloys 


OFFICES AND PLANTS 
ATLANTA, GA 


HANDY & HARMAN °° 


CHICAGO, TLL 
CLEVELAND, OHIO 


General Offices: 82 Fulton $t., New York 38, N.Y. ccrnon. mice 
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Audio Amplifiers 
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PART ONE 
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Introduction 


In the terminology of the electrome- 
chanical engineer an audio amplifier 
means any device that amplifies signals 
whose frequencies range from 20 
cycles/sec. to 20,000 cycles/sec. This 
definition covers a host of very dif- 
ferent amplifiers. On the basis of 
usage, three major categories can be 
described: 

A-C Control. Amplifiers used in a-c 
control account for a larger portion 
of the commercial market. These 
amplifiers must produce an ampli- 
tude modulated signal to drive a 
control motor. We can therefore in- 
clude thyratron, magnetic, vacuum 
tube, and transistor amplifiers in this 
category. Large harmonic distortion 
in the output wave shape can be 
accepted. 

Harmonic Generators. Amplifiers in 
this category are used to drive har- 
monic generators such as speakers, 
shakers, or vibration tables. These 
amplifiers are expected to produce 
clean, high power signals. 

Instrumentation. This type of amplifier 
would be used to drive recorders, 
instruments, and small servo motors. 
The general characteristics of these 
amplfiers are low noise, low har- 
monic distortion, and low power. 
This Components Digest will con- 

sider all three categories of amplifying 

devices. The introduction, Part I, is 
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general discussion of the different 
principles of amplifier operation and 
their relative advantages and disad- 
vantages. Part II, in this issue is a de- 
tailed discussion of transistor ampli- 
fiers. The discussion is limited to the 
most fundamental design factors and 
does not take into account the multi- 
tude of sophisticated variations de- 
veloped for biasing, power output, 
coupling, etc., or the many variations 
in transistors. Future sections will 
ocver such devices as magnetic ampli- 
fiers, vacuum tube amplifiers, and thy- 
ratron amplifiers 

The object of the Digest is to give 
the electromechanical engineer the in- 
formation he needs to evaluate and 
select packaged audio amplifiers. 


CONTINUOUS AND 
DISCONTINUOUS AMPLIFIERS 


To achieve our purpose, we will dis- 
tinguish between two types of ampli- 


fiers, continuous and _ discontinuous. 
Continuous amplifiers try to reproduce 
the input wave form exactly. Transistor 
amplifiers and vacuum tube amplfiers 
fit into this category. Discontinuous 
amplifiers, on the other hand, try to 
reproduce the input wave form on 
some average basis. Magnetic ampli- 
fiers and thyratron amplifiers fit into 
this second category. 

Discontinuous amplifiers could be 
more exactly described as having a 
common “thyratron” action. The term 
“thyratron” is derived from the Greek 
word 6vpa which means gate or door. 
Discontinuous amplifiers, in other 
words, gate or switch power into the 
load as a functon of the input signal. 

Audio amplifiers of this type are 
usually used to produce amplitude 
modulated signals. The envelope of 
the modulated signal contains the in- 
formation and is a rectified average of 
the actual signal. In this way the aver- 
aging process inherent in discontinuous 
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Cramer Electronics Inc. 

811 Boylston, Boston 16, Mass. 
Federal Electronics, Inc. 

P.O. Box 208 Binghamton, N.Y. 
Radio Equipment Corp. 
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Arrow Electronics Inc. 
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Mineola, L. |., New York 
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1021 U. S. Rte. 22 
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Electronic Industrial Sales, Inc. 
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Herbach & Rademan Inc. 

1204 Arch, Philadelphia 7, Pa. 

Cameradio Company 

1121 Penn, Pittsburgh 22, Pa. 
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Daiton-Hege Radio Supply Co. 
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Newark Electric Company 

223 W. Madison, Chicago 6, Ill. 

N.W. Radio & Elect. Supply Co. 

52 S. 12th, Minneapolis, Minn. 

Interstate Supply Co. 

4445 Gustine, St. Lovis 16, Mo. 

Burstein-Applebee Company 

1012 McGee St., Kansas City, Mo. 


If you have a stepper prob- 
lem the solution is closer than you 
think. Your nearest distributor listed 
here carries quantities of Guardian 

steppers in stock: continuous rota- 
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quency power is applied to the device 
and the amplifier action is achieved by 


| synchronous gating of the power into 





the load. The point during the carrier 
cycle at which gating occurs is con- 
trolled by the input signal. This opera- 
tion can be described by the sketch 
below which shows a ramp input to a 
discontinuous amplifier and the result- 
ing output. The output is made up of 
parts of the carrier frequency wave 
supplied to the amplifier. If the output 
were rectified and averaged, the result- 
ing signal would be similar in form to 
that of the input. In the sketch the in- 


put was d-c, but discontinuous ampli- 


fiers can be designed to accept ampli- 
tude modulated or pulsed signals. A 
more detailed discussion on discontin- 
uous amplifiers will be presented in a 
future section of this Digest. 


MAGNETIC AND THYRATRON 
AMPLIFIERS 


So far, we have said that continuous 
amplifiers can reproduce any input 
audio signal, whereas discontinuous 
amplifiers are limited to production of 
amplitude modulated signals. Of 
course, as the carrier frequency in- 
creases, the discontinuous output takes 
on the appearance of a continuous 
signal. The carrier frequency is limited 
in the thyratron mainly by the ioniza- 
tion time and in the magnetic ampli- 
fier mainly by the eddy current losses 
in the cores. Historically, however, 


| magnetic and thyratron amplifiers have 
| been used primarily for the high power 


amplitude modulated signals required 
by a-c control moturs and other elec- 
tromechanical devices 
modulation and d-c). Recently, more 
applications have been found for these 
amplifiers at lower power. Magnetic 
amplifiers have been especially fa- 
vored because of their ruggedness and 
long life. 

Probably the worst drawback to 
using either magnetic or thyratron 
amplifiers for even modulated signals 
is their inherent dead time. Both de- 


| vices amplify by resetting either the 








thyratron or the saturable reactor dur- 
ing the off-half cycle. This is one rea- 
son why large power gains are avail- 
able; control power is applied only 
when the device is off. This type of 
operation, however, means that to ef- 
fect the output, we have to wait a 
half cycle until the reset device turns 
on again. This half cycle dead time is 
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closer to a cycle or more. Normal elec- 
trical delays must also be considered, 
but maximum bandwidth can be esti- 
mated from dead time alone. For ex- 
ample, if a one-cycle dead time occurs, 
the maximum bandwidth is about 7.5 
cycles/sec. for a 60 cycle/sec. carrier 
system and about 50 cycles/sec. for a 
400 cycle/sec. carrier system. (Band- 
width is measured from the zero 
envelope frequency to the envelope 
frequency at which 45 degrees of 
phase lag is experienced.) 

At 400 cycles/sec., these amplifiers 
can be applied in some of the most 
demanding applications. The size and 
weight of thyratron and magnetic 
amplifiers are comparable to that of 
vacuum tube amplifiers, but discon- 
tinuous devices can be much more 
efficient since they have little power 
loss when “on”. Thyratron amplifiers 
are especially insensitive to the magni- 
tude of the load impedance. Any re- 
sistive load can be driven directly up 
to the current-carrying ability of the 
tube. Reactance in the load, however, 
will disturb the firing point. Firing 
point of the thyratron is also a func- 
tion of the source voltage, temperature 
and random effects such as r-f energy 
and will vary from tube to tube. It is 
important to design the  thyratron 
amplifier so that the firing point is a 
stable function of the input signal. 

Magnetic amplifiers also have a low 
inherent output impedance, but are 
sensitive to load impedance and supply 
voltage. In fact, magnetic amplifiers 
are usually designed for a specific ap- 
plication. Magnetic amplifiers, how- 
ever, have long life and ruggedness 
comparable with that of transistor 
amplifiers. A more complete discussion 
of discontinuous amplifiers will be pre- 
sented in a future section of this Com- 
ponents Digest. 


TRANSISTOR AND VACUUM TUBE 
AMPLIFIERS 


Transistor and vacuum tube amplifiers 
make up the bulk of audio amplifiers 
today because of their ability to am- 
plify with a great degree of fidelity. 
The big question is, which is better, a 
vacuum tube amplifier or a transistor 
amplifier? A surprising amount of emo- 
tion has been generated by this ques- 
tion. Of course, there is no real answer, 
since each amplifier has its own charac- 
teristics and generally can be used 
most efficiently in different applica- 
tions. 

Transistor amplifiers can be made 
amazingly small, efficient, and rugged. 
For many military and computer ap- 
plications, this characteristic is all im- 
portant. Recently, however, tubes have 
recently been gaining in this respect 
with the advent of the cold cathode 
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PRECISION AND ULTRA-PRECISION GRADES 


iE MAXIMUM BALL COMPLEMENT 
WITH ONE-PIECE RETAINER 

The type TCR bearing offers the maximum radial 
and thrust capacity possible in a retainer-type ball 
bearing of these dimensions, and considerably more 
Capacity than a conventional thin-section bearing with 
a two-piece retainer or spring separators. There are no 
filling notches and thrust capacity is two-directional. 


Type TCR bearings are used for optimum perform- 
ance — high speeds, high loads, and low torque. Only 
with the SBB design is it possible to have a maximum 
ball complement with a one-piece retainer, and keep 
the advantages of continuous race shoulders. The 
one-piece retainer is strong and light, precision-ma- 
chined from reinforced phenolic. 


Available with full ball complement (without re- 
tainer) as types TCF and TCA. 











r | : + 
wis| Te ‘D | W:|We| Balls jwt.| ‘Lk | bs 
bore o.d, +.000 | +.000 | no. | size | Ibs, Ibs. Ibs. 
ke -.005 | -.005 | j 
TCR 10-17 6250 | 1.0625 | .250 | .281 | 18 | 7/64] .032| 228 370 
TCR 12-19 7500 | 1.1875 | .250 | .281 | 18 | 1/8 | 037} 280 490 
TCR 14.21 | 8750 | 1.3125 | .250 | .281 | 20 | 1/8 | 042] 310 540 
TCR 17-24 1.0625 | 1.5000 | .250 | .281 | 24 | 1/8 | 0 360 650 
TCR 21-28 1.3125 | 1.7500 | .250 | .281 | 28 | 1/8 | .06 37 760 
TCR 25-32 | 1.5625 | 2.0000 | 250 | 281 | 34 | 1/8 |.07 390 925 
TCR 29-36 | 18125 | 2.2500 | .250 | .281 | 38 | 1/8 |.08 | 410 1030 
TCR 33-42 | 2.0625 | 2.6250 | 250 281 | 44 | 1/8 |.12 | 435 1200 
TCR 37-46 | 2.3125 | 2.8750 | 250 | 281 | 48 | 1/8 |.13 | 450 1300 
TCR 41-52 | 2.5625 | 3.2500 | .312 | 375 | 36 | 3/16] .22 | 835 2200 
TCR 45-56 | 2.8125 | 3.5000 312 | 375 | 39 | 3/16] .24 | 850 2370 
TCR 49-62 | 3.0625 | 3.8750 312 | 375 | 42 | 3/16 | .26 880 | 2550 __ 
are in inches. Balls and rings of 52100 hig be 
n 440 C stainless. Radius “r” w clear .015” shaft or housing fillet. * 
ng to size ee catalog 59 for Precision Grade and Ultra-Pre G 
tRadial load capacity at 500 rpm and 2500 hours average life. §Static non-brine f y 
send for new \ 


catalog 59 ¢ 


Split’s catalog 59 provides 
complete coverage on the 
complete T series of thin-section 
precision instrument ball bearings. 
No designer should be without it. 


WRITE FOR YOUR COPY TODAY. 
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Whatever your 
synchro requirements 
MUIRHEAD can meet 
them promptly—usually 
from stock. 

MUIRHEAD _ synchros 
and servomotors are 
precision built to meet 
the requirements of 
Bu. Ord., N.A.T.O. and 
British Military 
specifications in sizes 
from 08 to 23. 

Ask for the latest 
synchro-_ broadsheet. 
Data sheets and prices 
on application. 
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PRECISION 
ELECTRICAL 
INSTRUMENTS 


MUIRHEAD INSTRUMENTS 
INC., 441 Lexington Avenue, 
New York I7, N.Y., U.S.A. 
Telephone: Murray Hill 2-81 31 


MUIRHEAD INSTRUMENTS 
LIMITED, Stratford, Ontario, 
Canada. Telephone: 3717 & 37/18 








MUIRHEAD & CO., LIMITED, 
Beckenham, Kent, England. 
Telephone: Beckenham 4888 


CIRCLE NO. 31 ON INQUIRY CARD 








TABLE | 


The Basic Types of 
Audio Power Amplifiers 


A. CONTINUOUS AMPLIFIERS 


1. Transistor Amplifiers: small, efficient, 
rugged, long life, and no warm-up 
time, but transistors are non-uniform 
and especially temperature sensitive. 

2. Vacuum Tube Amplifiers: temperature 
insentitive, quite uniform, and easily 
designed and used with existing sys- 
tem components, but they are larger, 
less rugged, and have shorter life than 
transistor amplifiers. 


B. DISCONTINUOUS AMPLIFIERS 


1. Magnetic Amplifiers: rugged, high out- 
put power, long life, no warm-up time, 
efficient, and no appreciable d-c power 
is required, but usually are expensive, 
have relatively slow response, and must 
be designed for a particular load and 
supply voltage. 

2. Thyratron Amplifiers: high output pow- 
er, efficient, and no appreciable d-c 
power required, but introduce dead 
time, are hard to control very accurate- 
ly, and have shorter life and are less 
rugged than magentic amplifier. 











and extreme miniaturization. 

On the other hand, transistor ampli- 
fiers are inherently sensitive to tem- 
perature. As ambient temperature in- 
creases, the transistor amplifier must 
either saturate or burn out, depending 
upon the design. This problem is one 
of the most interesting aspects of tran- 
sistor amplifiers and will be considered 
in some detail in the transistor ampli- 
fier section to follow. Tube amplifiers 
are quite insensitive to ambient tem- 
perature changes because their quies- 
cent temperature is so high. 

Design of transistor amplifiers is some- 
what more difficult than design of 
vacuum tube amplifiers, not only be- 
cause of the thermal problem, but be- 
cause of other factors. One problem is 
the difficulty of converting from a-c to 
d-c at high current levels; larger ca= 
pacitors are needed to decrease ripple. 
Also, interstage coupling is more diffi- 
cult since transistor input impedance 
varies with output impedance, tem- 
perature, current, and voltage. The low 
in put impedance usually experienced 
makes transformer coupling desirable 
for its impedance matching. Trans- 
formers, however, are fairly large, 
especially in low-frequency amplifiers. 
Capacitor coupling also suffers from 
the low input impedance because the 
coupling capacitors must increase in 
size as input impedances decrease to 
achieve wide bandwidth. Direct cou- 
pling is actually simpler in transistor 
amplifiers than in vacuum tube ampli- 
fiers because of the lower voltage lev- 
els, but thermal drift problems are in- 
tensified by allowing the drift to be 
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coupled through the amplifier. 

Probably the worst problem in de- 
signing transistor amplifiers is that the 
parameters vary not only with operat- 
ing conditions but from unit to unit. 
Vacuum tubes are made in uniform lots 
because almost all of their important 
characteristics can be controlled me- 
chanically. Transistors are made under 
controlled conditions, but their charac- 
terstics cannot be so accurately pre- 
dicted. Consequently, from three or 
four different production lines, several 
hundred transistor types will be ob- 
tained, mostly by selection. Certain 


high-performance types will be rare 
and will also have a tendency to de- 
teriorate with age into a more run-of- 
the-mill type of transistor. 

Finally, we should point out a very 
interesting trend associated with the 
trade-off between vacuum tube and 
transistor amplfiers. This is based on 
the fact that transistors are basically 
current amplifiers with low input im- 
pedance and low output voltage. 
Tubes, on the contrary, are voltage am- 
plifiers with high input impedance and 
large output voltage. In the past, elec- 
tromechanical elements, such as mo- 





tors, have been built for high input 
voltage as is available from vacuum 
tubes. Also, sensor and pck-up devices 
have been built with large impedance 
to work into the high impedance of a 
vacuum tube. The trend recently is to 
lower voltage motors and power ele- 
ments whch are more easily driven by 
transistors. The trend will undoubtedly 
spread to pick-up devices and other 
components, possibly to such a degree 
that in the future voltage amplifica- 
tion might become a liability instead of 
the reverse, which is true today. 





PART TWO 


Transistor Audio Amplifiers 


BASIC TRANSISTOR 

The purpose of this article is to aid 
the engineer in evaluating packaged 
transistor amplifiers. To do this, how- 
ever, some of the basic design funda- 
mentals must be presented. 

This discussion, of course, must start 
with the transistor itself. A transistor 
can be roughly described as being two 
back-to-back diodes as in Figure 1. A 
pnp transistor is shown and will be 
used in the following discussion, but 
an npn is exactly the same with just 
the diodes reversed. In linear ampli- 
fier operation, the base element is kept 
at a lower d-c potential than that of 
the emitter which means that the 
emitter to base diode is forward biased. 
Also, the collector is at a lower poten- 
tial than that of the base which means 
that the base to collector diode is back 
biased. 

Looking into the transistor between 
the base and emitter we would see the 
forward resistance characteristic of a 
diode as sketched in Figure 2. For ap- 
preciable values of emitter current, 
this curve looks a lot like a battery 
with a voltage Veo. The voltage Veo 


ic=Xl_ 


le=Iot+'g 


baseo 


is between 0.1 and 0.7 volts, depend- 
ing upon the temperature at the diode 
and the type of semiconductor material 
used (silicon being higher than ger- 
manium). In most practical circuits, 
the external resistances in series with 
the leads on the transistor are of such 
a magnitude that these internal re- 
sistances and voltage drops can be 
neglected. The transistor can also be 
considered as very nearly an ideal cur- 
rent source for most stable amplifier 
designs. With these two simplifications, 
an elementary model for a transistor 
can be drawn as in Figure 3. 

The equivalent circuit in Figure 3 
shows that the collector looks like an 
ideal current source whose magnitude 
is “a2” times the emitter current. This 
is the key to the transistor’s amplifica- 
tion because in most transistors « is 
between 0.95 and 0.99. Consequently, 
(x1/l—a)is quite large which means 
that the collector current (ig) will fol- 
low small variations in the base cur- 
rent (ip). 

ic = (2/1 —a)ip = Big 

Figure 3 shows the simplest possi- 

ble mathematical model of the transis- 


; “IDEAL 
Ip CURRENT SOURCE” 








; ~ ae 
len (0 'p — aeaerer 
° . — ic ag 
c= A'e =" 
Fig. 3. Simplest transistor model. 
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CP] RESEARCH CREATES A NEW “SHORT HEAD” SWITCH 


From CPI research comes this new thermal switch with the shortest head 
construction of any AN connector type switch. This hermetically 

sealed, field adjustable, probe type switch was developed for an aircraft 
manufacturer to control inlet air temperature for heating and turbine 
exhaust temperatures for air conditioners. 


There are other uses, too—controlling temperatures of gas turbines and 

heat exchangers or oil in gear boxes—in fact, many places where 
there's need for a hermetically sealed switch with a fast, easy electrical ‘ 

connection. It is possible that this or the many others developed by CPI 

specialists may not solve your problem. If not, CP! research ean 

create the switch that will! Send your specs. 


This new switch is LCR LLL CRETE IE. 


constructed of all high 
temperature alloys and has 


a calibration range of 

—20F to 1750F with safe 
momentary overshoot to 
2000F and undershoot to 


—100F. It is available in a 
variety of threaded and plate 
mountings. Mention a 
“Spec-Stat” when inquiring. CONTROL PRODUCTS INC 

, .. 


308 Sussex Street, Harrison, N.J. 
CIRCLE NO. 23 ON INQUIRY CARD 
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tor. If we want a more exact model, 
the choice becomes more difficult be- 
cause, as with most mathematical 
problems, the equations can be set-up 
in many ways. The important point, 
however, is that each set of equations 
or model describes exactly the same 
problem. The most popular models are 
the “r” parameter or “T” equivalent 
circuit (Fig 4a) and the “h” parameter 
4 terminal equivalent circuit (Fig 4b). 

In general, the “T” equivalent lends 
itself to simple analysis while the “h” 
parameters are easiest to measure. Con- 
sequently the manufacturer gives the 
transistor characteristics in terms of 
“h” parameters. The different “h” pa- 
rameters and their conversion to “r” 
parameters are presented in Table II. 

It should be noted that although 
these models will describe the effect 
of d-c signals on the transistor, they 
are usually used as an a-c equivalent. 
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Fig. 4(a) Equivalent “T” or “r” pa- 
rameter equivalent circuit. (“R” in the 


circuit diagram represents “r” in the 


text.) 
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Fig. 4(b) Four terminal “h” pa- 
rameter equivalent circuit. (“R” and 
“H” in the circuit diagram represent 
“r” and “h” in the text.) 
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TABLE Il 
Conversion from “‘h’”’ to “‘r’’ Parameters 
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written below for a common emitter case. 
Cre = hie in + he Cce 
te = hte iv + hoe Cce 


conditions defined by the equations: 





The “r”’ parameter or “T” equivalent circuit is easiest to analyze, but the “h” para- 
meters are easiest to measure. Small case letters are used for A.C. or small signal 
values and upper case letters for D.C. values. The second letter in the “h’ parameter 
refers to the common element in the transistor. For example, hre is the A.C. forward cur- 
rent gain of a common emitter transistor, while hre is the D.C. gain of the same con- 
figuration. (Note that the D.C. current gain is used for the bias colculations in the body 
of the article, although there is generally little difference between hre and hre). 

The four terminal equivalent or “h’’ parameters can be defined by the two equations 


The following terms can be applied under the 


hie input impedance 
hoe Ouput admittance 
hre forward current gain 
hre reverse voltage ratio 








An a-c equivalent describes the effect 
of small signal swing about some d-c 
operating point. The parameters of the 
models will, therefore, only be exact 
in a small region about some d-c level. 
Variation in the “h” parameters with 
these d-c levels is sketched in Table 3. 
Table 3 also shows the variation with 
temperature. 

Table 4, included as a reference, 
lists the quantitative and qualitative 
characteristics of the three basic transis- 
or connections for the “T” equivalent 
circuit, 


BIASING 


We have mentioned that the base must 
be biased negatively with respect to 
the emitter and that the collector must 
be negative with respect to the base. 
The problem, however, is what are 
the best d-c bias levels? To investigate 
this question assume the grounded 
emitter transistor circuit shown in Fig- 
ure 5. The static collector characteris- 
tics are shown in Figure 6 with the 
load line (1/R,;,). The load line is 














Fig. 5 Example of a simple common 
emitter amplifier. 
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drawn from the maximum collector 
voltage, E,, to the maximum collector 
current, E,/R,. 





The best bias for linear amplifica- | 


tion is that value of base current that 
allows maximum undistorted signal 


swing at the collector. This bias, from | 


the sketch in Figure 6, seems to be a 
base current of ip, such that the quies- 
cent collector current is i,’ and the 
quiescent collector voltage is V,’. 
The bias can be achieved in a num- 
ber of ways. The simplest is shown in 
Figure 7. This scheme is slightly pre- 
carious because the value of collector 
current depends upon the transistor’s 
current gain, 8. The introduction point- 
ed out that current gain varies widely 
from transistor to transistor and can 
also vary with storage time and en- 
vironmental conditions, As a point of 
interest, a vacuum tube can be self- 
biased because the control grid can be 
biased negative by the cathode cur- 
‘ ‘Bi 


MAXIMUM 
V \ DISSIPATION © 
Cc 


E# \ : 
\ ‘ 
base 
\s 


















Vv 

a 

.e) 

> 

x 

b 

\ . 

3 Bz 

us i 

2 vil > 
'B4 

aw ‘CF 

“ | ips 

bY i 
B6 

3 si 

oO 

U wie 


COLLECTOR CURRENT 


Fig. 6 Static collector curves for the 
transistor in Figure 5. 
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FLOATED RATE 
INTEGRATING 
GYROS 


Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su- 
perior to any comparably- 
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy- 
ros are ruggedly designed 
and completely adaptable 
to production methods. Per- 
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 
TYPICAL CHARACTERISTICS 
Mass Unbalance: 
Along Input Axis: 1.0°/ hr 
maximum untrimmed 
Standard Deviation (short term): 
\zimuth Position: 0.05° /hr 
Vertical Position: 0.03°/hr 
Drift Rate Due to Anisoelasticity 
Steady Acceleration: 
015°/hr./g? maximum 
Vibratory Acceleration: 
.008°/hr./g? maximum 
Damping: 
Ratio of input angle to 
output angle is 0.2 
Characteristic Time: 
.0035 seconds or less 
Weight: 0.7 Ibs. 
Warm-Up Time: 
10 minutes from —60°F 
Life: 1000 hours minimum 
















































Write for complete data. 
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Ae For 100% | 
* Reliability Effort 
, a in e ait . 






ARE You 
MEASURING... 


* Actual life span of 
your equipment? 


° Consumption of rated 
life of critical equip- 
ment or components? 


© Mean-time-to failure? 


You can reduce the odds against failure 
by constant monitoring and timely replace- 
ment of equipment approaching the end of 
assured performance ... by thoughtful 
application of the... 


WALTHAM 


SUB-MINIATURE 
ELAPSED TIME INDICATOR 





MODEL 
WT-1 
Actual 
Size 


The" O.D.x 1'SAcs” 3 OZ. 


10,000 Hour Total Readout 
(Easily Read to Closest Hour) 
400 CPS 


Whether it’s for reliability and life testing, 
design or system analysis, utilization studies 




















. . OF to continuously monitor and log 
critical equipment or components . . . when 
you incorporate the Waltham WT-1 in your 
plans, you add that “measure of reliability” 
so important for military acceptance. 


The WT-1 meets MIL-E-5272A 
and is available “FROM STOCK” 
Write Now for Bulletin 5001! 


WALTHAM 
aVa Vea VaVava' 


PRECISION INSTRUMENT 
COMPANY 
Waltham 54, Massachusetts 
CIRCLE 51 ON INQUIRY CARD 
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TABLE Ill 
Variation of Common Emitter “h’’ Parameters with 


Collector Voltage 
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| rent, while in a transistor the base must 


be biased negative in opposition to 
the emitter current. 

The general objective of a biasing 
scheme is not only to achieve maxi- 
mum signal swing at the output but 
to also insulate the quiescent condi- 
tions from parameter variations. The 
scheme in Figure 7 failed on the sec- 
ond count. A better design and the 
most common biasing arrangement is 
shown in Figure 8. Two important 
changes were made: a second biasing 
resistor, Rpe, was added from base to 
ground and an emitter resistor, Rp, 
was added. The second scheme was 
designed to eliminate the quiescent 
collector current’s sensitivity to changes 
in current gain. To demonstrate the 
improvement, compare the incremental 
ratio Ai’,/A$8 for the two biasing ar- 


| rangements. 


Figure 7: 
(Ai’,/A8) 
Figure 8: 
(Ai’o/AB) = (Ec/Rpi)/ 
[8Re/Ry: 7 Ryo + 1)? 

(Ai’,/A8) approaches zero as either 

8R, or Rpg; increases or Rg decreases 
in Figure 8. 
As Rp, and Rx increase, while Rye de- 
creases, more of the input current will 
flow through the bias resistors and not 
into the base of the transistor. Since 
the input current is a-c, a capacitor Cy 
can be used to bypass the emitter re- 
sistor. The a-c input impedance of the 
transistor is therefore decreased and 
more of the signal current will flow 
into the base. In this way the insertion 
loss of the second bias resistor and the 
emitter resistor is minimized while the 
stability of the d-c quiescent condi- 
tions is retained. 


: Ec/Rp 
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COMPONENTS é€ 


LEAKAGE CURRENT 


The worst problem in biasing is yet to 
be faced. This is the leakage current, 
Iopo, flowing through the back biased 
base to collector diode. The leakage 
current is due to two causes: First, lo, 
the current flowing through the semi- 
conductor material; and, second, I,, 
the current flowing across the surface 
connections. Ig is a function of the 
semi-conductor material and doubles 
for about every 10 degree centigrade 
increase in temperature. I, is a func- 
tion of the structure of the base to col- 
lector junction and varies with the 
manufacturing process. I, also in- 
creases nonlinearly with increasing base 
to collector voltage, Vox. When Veg 
increases, Iggo increases with the I, 
component, but the actual diode break- 
down or avalanche is due to a sharp 
increase in Ig, the bulk property leak- 
age current. 

The leakage current is always drawn 
through the base to collector diode and 
will appear in the collector current, 
i, so that: 

ig = aig + Ippo 

More important, however, is that 
since Ippo is drawn through the base 
it could be amplified in the collector 
circuit by the current gain. A third 
objective of the biasing network must 
therefore be to hold the effect of Ippo 
to a minimum. 


THERMAL STABILITY 


To show how badly the collector cur- 
rent increases for an increase in leak- 
age current, we will use the incremen- 
tal ratio Aig/Alego = S. S is called the 
stability factor or more exactly the in- 
stability factor because it decreases 
with thermal stability. The solution for 
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Ic = QUIESCENT COLLECTOR CURR. 
Fig. 7 Simplest biasing scheme. 
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« /~ AEcRe2 

s = 

AReECRei+ Rp.) + Rey Rea 

Fig. 8 Most common biasing scheme for 
common emitter amplifier. 
the S in Figure 8 is quite simple once 
we recognize that ip flows to ground 
through two paths. One is directly 
through Rpe and the other is through 





Ry; and the battery Eg. The base to | 
emitter voltage change, AVg,, must | 
then be the base current change, Aig, 


times the parallel resistance of Ryo and 
Ry; (denoted Rg; 7 Rego). 
AVyr = Aig (Rg: 7 Ree) 
=: {Bly Bile) (Bex # Ras) 
AVpr = RpAiz 
Aico = aAig + Alono 
(Aic/AIcpo) = [Re + (Rai 7 Ree) ]/ 
[Re + (Rp: 7 Rge) (1-2) J =S 
Now when R,=0 and Icgo is 


drawn through the base, the collector | 


current is increased by (1/l1— 2) 
leno = Blero. This is the maximum 
effect of the leakage in the collector 
current. With a large Rp and smaller 
bias resistors (similar to a grounded 
base), the collector current is only in- 
creased by the absolute value of the 
leakage, Ippo. This second case is a 
minimum where I¢zo caused no ampli- 
fied effect upon the collector current. 

As increasing I¢po increases the col- 
lector current, the bias point in Figure 
6 will move down the load line to- 
wards saturation. This motion will oc- 
cur more or less rapidly depending 
upon the value of the thermal stability 
factor, S. If the load line is positioned 
as in Figure 6, the transistor will satu- 
rate before it exceeds maximum dissi- 
pation. Had the load resistance been 
smaller or the collector voltage larger, 
the transistor might have failed from 
over dissipation before the quiescent 
point reached saturation. Maximum dis- 
sipation in Figure 6 was drawn for an 
assumed heat sink. The relationship 
between maximum dissipation and 
thermal conductivity will be discussed 
later. 


THERMAL RUN-AWAY 


Under certain conditions, a small in- 
crease in I¢gq will increase itself, driv- 
ing the quiescent point completely to 
saturation or into excessive dissipation. 
This condition is called “thermal run- 
away” and is a function of the thermal 
stability factor, S. 

Run-away occurs whenever a small 
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ELECTROHYDRAULIC 
SERVO VALVE 


Kearfott’s unique approach 
to electrohydraulic feed- 
back amplification design 
has resulted in a high- 
performance miniature 
servo valve with just two 
moving parts. Ideally 
suited to missile, aircraft 
and industrial applications, 
these anti-clogging, 
2-stage, 4-way selector 
valves provide high fre- 
quency response and 
proved reliability even 
with highly contaminated 
fluids and under conditions 
of extreme temperature. 


TYPICAL 
CHARACTERISTICS 
Quiescent Flow 0.15 gpm 
Hysteresis . 3% of rated current 
Frequency Response 
3 db @ 100 cps 

Supply pressure....500 to 3000 psi 
Temperature-Fluid & Ambient 

— 65°F to +275°F 
Flow Rate Range .... .3 to 10 gpm 
Weight ................... 10.5 ounces 


Write for complete data. 
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OIL-TIGHT \2 
DUST-TIGHT 


ELECTRICAL 
ENCLOSURES 


WALL MOUNTED, 
in 18 stock sizes. 


FLOOR MOUNTED, 

in double door or 
multiple door 

units —11 
stock sizes. 


























































JIC ‘ 
NEMA 12) 

PANEL | ENCLOSURES 
Ideal for housing electrical controls, 
components and terminal strips. Note 
removable mounting panel. Neoprene 
gasket on door protects against dust, 

dirt, oil, water. Strong 
welded construction. No 
holes or open seams. 
Alsoavailablein NEMA 


types 1, 3, 4 and 5. 









Jic 
‘ WIRING 
y BOX 
Heavy gauge 
‘ steel, welded 
seams. No knockouts or holes to 
leak oil, water or dust. Neoprene gas- 
keted cover with screw clamp makes 
tight oil-proof seal. Available with 
or without removable panel. 8 stock 
sizes from 4”x 4”x3” to 16”x 14”x 6”. 


PUSHBUTTON -<“*S80@nme 
ENCLOSURES e e “@ 






A complete selection 
of types and sizes. 
Fine quality con- 
struction and finish. 
Welded seams. Cover 
has neoprene gasket. 
Holes take any & & 
standard oil-tight } 
pushbutton. Types. : 
range from ‘“Stand- it F 
ard” as shown, to Extra Deep, Slim 
and Pendent. For one to 25 pushbuttons. 


OIL-TIGHT 
i , JIC SECTIONAL 
WIREWAY 


TT 







ae 

ra 
Perfect protection tor 
control wiring. Neoprene gasket ~ 
on cover and between joints seals . 
out liquids and dust. Easy to assemble. 
Full length hinged cover simplifies 
wiring installation or modification after 
installation. Stock sizes: 214”x 214”, 
1”x 4” and 6”x 6” in lengths up to 10’ 
with Elbows, ‘‘T’’s, etc. 


We also build enclosures to customer specifications 


ENGINEERING 
CORPORATION 
Dept. ED-121 Anoka ® Minn. 
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COLLECTOR TO EMITTER VOLTS 


Icpo/1y = (lono/ri)e#(Ti--T1) Ti = Tambtent + KVce i’e 
a = leakage coefficient of semiconduc- Then: me Ae 
tor material T,; — T, = KVcx S (Icno/m) e& (TT) 
Icno/1; = leakage current at junction tem- 1; — T; is therefore the increase in junction 


temperature due to leakage current. 
M. J. Hellstrom solved this equation on 


perature, T;. 
T, = an arbitrary reference junction 


temperature. Page 24-25 of Semi-Conductor Products, 
The final junction temperature must there- Jan. 1959. He found that for the junction 
for be: temperature to be absolutely stable the fol- 
T; = Tambient + KVce i’e + KVce S lowing condition must be met: 
x Ieso/r; KVcr S (Icpo/Ti) < 1/2.72 a 
If we assume for convenience that T; is the 1/2.72a for germanium varies between 
junction temperature with absolutely no leak- 6.12 and 4.09. The leakage coefficient for 


age current: silicon is about 2 that of germanium. 








Fig. 9. 











TABLE IV 


Characteristics of the Three Basic Transistor 
Connections for the “‘T’’ Equivalent Circuit 


Approximate Values 
for Common Emitter 


Approximate Values 
for Common Emitter 


Approximate Values 
for Common Base 


Input Resistance (qualitative) 
ii | 
fe + rp (1 — a) th + re/1 —a ~ ro + Bre rL/l1—aari(h 1) ~ Bra 


Output Resistance (qualitative) 


(re) (re + rg + 4p) (1 — aa) | (re) (1 — a) + re + (ty + rg) (1 — a) 


(re) (rm + rg)/(re + to + reg) 
(largest) (medium) (smallest) 


fe + lg + Tp) 


Voltage Amplif. A, (qualitative) 


(a ri)/(re + rp) (1 — a) (— arz)/(re + rr) (1 — a) 1 
(large) (large) (unity) 


Current Amplif. A; (qualitative) 


V/i—a—B+1~8 
(large) 


a a/1—a=§8 
(unity) (large) 





Power Gain P, (qualitative) 


(a*ri)/(re + tr) (1 — a) (a°rt)/(1 — a)*(re + rp) | vWi—a=f8+1~8 
(medium) (highest) | (lowest) 
[7 aevany - 
a +$—wn +e es am see ¢ Spee = | | 
+1 . | { “i f age F &s) 'b oC seus) Sf 
ey ‘ Fe es = 7° ich F' sip) fie 
J oe eg 


In a normal circuit external resistances are present. These external 
resistances can be added to the internal resistances in the equivalent 
circuits without distorting the characteristic solutions. For example if 
an external resistance, Re, is added to the emitter in a common emit- 
ter stage, the input impedance will equal: 


tro + (ro + Re)/(1 —a) ~ rm + B (re + Re) 
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ASSUME: (1) K= 3°C/waTT 
e (2) PUSH-PULL OUTPUT 50% EFFICIENCY 
0 
= © 1104 (3) NO LOSS EXCEPT IN 
5 3 OuTPUT STAGE 
? 100 + (4) NO LEAKAGE CURRENT 
Da . [EXAMPLE CALCUTION: | 10% EEFIC\ENCY 
7 OF ; 
3 rf FoR R, =20 WATTS, Efficiency=50% 
a $ 80 + Dissipation per transistor = 5 watts 
o (Uf 
- T -TamBient)®% 
SE ge CRIES, cscs 
3°G 
2 2 604 / watt 
3 | 
+ co, TMAX-TAMBIENT = 15°C 
$ * 3 | For germanium Tmax 100% 
* 
x = 407  TaMBIENT = 85°C 
> - | 90% EFFICIENCY 
' 1 30 
Go ¥ 
= 20 + 
Fe I i ete nt a oan tie 
10 
~~ po bee a | ee - 5 i eed 
' : 3s «88 20 30 40 60 60100 200 300 400 600 1000 
TOTAL WATTS OUTPUT (PR) 








Fig. 10 Maximum ambient temp. as a function of power output and efficiency. 





Power Amplifier 


1. Frequency Response 

a. Low frequency phase shifts can be 
caused by small coupling capacitors, 
small bi-pass capacitors, or small 
transformers. 

b. High frequency phase shifts can be 
caused by low “a cut-off’ power 
transistors or by a capacitor used to 
tune the output for an_ inductive 
load. 

c. Feedback can increase bandwidth but 
it can also introduce peaking at the 
resonant frequency of the closed 
loop. 





2. Power Output and Output Impedance 
Most transistor amplifiers are expected 
to supply a maximum of about 40 
volts. This means that 115 volt motors 
are not used even if their impedance 
matches the amplifier. 

a. check maximum (unsaturated) pow- 
er supplied by the amplifier. 

b. check load impedance into which 
amplifier supplies this maximum 
power. 

c. Combine amplifier with electrome- 
chanical element which fits these 
characteristics. 


3. Input Impedance 


In most cases the input source has a 
high internal impedance. The ampli- 
fiers input impedance must match the 
source impedance fairly well especial- 
ly if the source delivers low power. In 





TABLE V 
Check List of Important Transistor 


Characteristics 


transistor amplifiers the input imped- 
ance is normally low, 2,000 to 50,000 
ohms depending upon the emitter re- 
sistor. Many circuits, however, have 
been devised to produce larger input 
impedance, generally with a loss of 
gain. 


4. Gain Stability and Linearity 


a. The small signal gain decreases as 
the output increases until satura- 
tion is reached. The linear range for 
which small signal gain is essentially 
constant must be checked. 

b. In the linear region the gain can 
still vary with temperature and line 
voltage. 


5. Power Supply 


a. Voltage spikes from the power sup- 
ply can permanently damage a 
transistor. 


6. Harmonic Distortion and Noise 


a. Harmonic distortion can vary with 
temperature as the operating point 
moves with the leakage current. 

b. Noise should be checked if very 
low frequency operation is impor- 
tant. 


7. Sensitivity to Environment 
such as shock, dust, etc. 


8. Life Expectancy 
9. Versatility 
10. Expense 








increase in leakage causes the junction 
temperature to rise enough to cause 
even a larger increase in leakage cur- 
rent. The leakage current increases the 
junction temperature by increasing the 
collector current and, consequently, 
the collector junction dissipation which, 
in turn, increases the junction tem- 
perature. 
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This process is more easily described 
by the block diagram in Figure 9. The 
leakage current, Iggo/T;, is shown to 
be an exponential function of the junc- 
tion temperature, T;. The stability fac- 
tor, S, times the leakage current equals 











the increase in collector current. We , 


have been assuming that the transistor | 


is an ideal current source which means 
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DATA 
LOGGING 


Kearfott’s broad line of 
test equipment includes the 
Scanalog 200-Scan Alarm 
Logging System which 
monitors, logs and per- 
forms an alarm function of 
up to 200 separate temper- 
ature, pressure, liquid level 
or flow transmitters. This 
precise data handling sys- 
tem is equipped with man- 
ual controls for scanning 
rates, automatic or manual 
logging, data input relat- 
ing to operator, time, day, 
run number and type of 
run. 200 numbered lights 
correspond to specific 
points being maintained 
and provide a visual “off 
normal” display for opera- 
tor’s warning. System can 
be expanded to 1024 points 
capacity and 2000 points 
per second scanning rate. 


Write for complete data. 
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TEXAS INSTRUMENTS INCORPORATED 


| 


simplified this electronic assembly 





by using one 
HE LOM SCREW-LOCK INSERT* 


Radar assembly made lighter - simpler + stronger 


With only a minor redesign of the 
magnesium housing—using one 
Heli-Coil Screw-Lock Insert — Texas 
Instruments simplified this complex 
6-piece closure assembly to a simple 
plug and O-ring. In this and other 
Texas Instruments applications 
involving closures, supports and 
assemblies with threaded fasteners, 
Heli-Coil stainless steel wire thread 
inserts save weight, space and manu- 
facturing costs, permit extensive use 
of light-weight mag- 
nesium with strong 
steel threads. 





Heli-Coil Screw-Lock Inserts, made 
of 18-8 stainless steel, provide an 
internal lock, are easily installed, 
eliminate need for lock nuts, lock 
wiring and... 


@ positively lock screws against loosen- 
ing under impact or vibration 

@ prevent thread wear, stripping, cor- 
rosion, galling and seizing 

@can be used in standard proportion 
bosses without need for redesign 

@ permit repeated disassembly and re- 
assembly for inspection or service 

@ simplify screw assembly at inaccessi- 
ble locations 

@ meet government specs for locking 
torque and vibration 


*Patented 

















HELI-COIL CORPORATION 


DANBURY, CONNECTICUT 
(me Oe A RE NEE Se ey i ne ee te mee ea 
: HELI-COIL CORPORATION, 2701 Shelter Rock Lane, Danbury, Connecticut 
| I'd like more information on Heli-Coil Screw-LOCK Inserts 
I Name TITLE 
L rinm beter 
\ ADDRESS _— ‘lhe 
1 CITY ZONE STATE @ ss0s 


a 


tS se RE NN LE RN EE SN RS ERS NNR OER Sey SONNE LE SRE SRN TS FOU RA A Ca AL TO 
Armstrong 
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that the base-to-collector voltage, which 
equals the collector-to-emitter voltage 
in our model, is independent of col- 
lector current. Power dissipated at the 
collector junction is then just the col- 
lector current times the constant col- 
lector-to-emitter voltage, Vey. Junction 
temperature is equal to ambient tem- 
perature plus power dissipated times 
thermal resistance between the junc- 
tion and air. 

Figure 9 shows that the absolute 
thermal stability can be assured by 
satisfying the following condition: 

S Vog K Icgo/Ti = 1/2.72 a 

K = thermal resistance (discussed 

later). 

Iepo/T1 = leakage current at a junc- 

tion temperature T). 
T, = junction temperature with no 
leakage = Tambient + 
K S Veg ig’. 
a = leakage coefficient of the semi- 
conductor material which for 
germanium varies between 16.7 


and 11.1. The coefficient for 
silicon is about half that of 
germanium. 


The above equation only defines the 
absolute thermal stability. As the 
transistor approaches the limit, holding 
the bias constant will become increas- 
ingly difficult. 


NONLINEAR BIASING 


The problem of stable biasing, either 
against variations in parameter or tem- 
perature, is extremely important from 
the view of evaluating packaged tran- 
sistor audio amplifiers. So far, we have 
discussed only the most fundamental 
circuits, and, of course, a great many 
variations have been devised. Two non- 
linear biasing techniques should be 
mentioned as an example of the type 
used to compensate the leakage cur- 
rent. 

The first is based on using a thermis- 
tor in the circuit. A thermistor is a 
device whose resistance decreases with 
temperature. It can be used in a num- 
ber of ways, but bascially its effect is 
to decrease the emitter current with 
temperature, to compensate for the in- 
crease in emitter current due to in- 
creased leakage current. The second 
method is to use a back-biased diode 
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ANALOG- 
TO-DIGITAL 
CONVERTERS 


Kearfott’s rugged shaft 
position-to-digital convert- 
ers are resistant to high 
shock and vibration and 
high and low temperature 
environments. Ideally 
suited for missile applica- 
tions, these converters are 
available for many uses, 
including latitude, longi- 
tude, azimuth or con- 
ventional angular shaft 
displacement conversion 
and decimal count conver- 
sion. Exclusive drum 
design provides large con- 
version capacity in smallest 
size. Combination counter 
converter assemblies for 
both visual and electrical 
readout also available. 


TYPICAL 
CHARACTERISTICS 


Kearfott Unit No. ...... P1241-11A 
Code Cyclic Binary 
BD cs-cccssecncsiee SPE OO LD 
Bits per Revolution .. we. 16 
Revolutions for Total Range 

2 


1) ee ee 10.5 

Current (ma.) ......... 

Inertia (gm. cm.?) .000.0.000.0... 

Unit Diameter (in.) . 

Unit Length (in.) ... err 

Life 10° Revolutions or 10° hours 

Static Torque (in.-oz.) .. 2 (break) 
1 (running) 

dd) ae 5 

Maximum Speed (RPM) 600 


Write for complete data. 


Miniature 
Floated - Servo Valve 


Electrohydraulic 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


20 SECOND 
SYNCHRO 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 
CHARACTERISTICS SIZE 25 


Control 
Type Resolver Transmitter Transformer 


Part Number Z75161-001 25151-003 


Excit. Volts 
(Max.) 115 90 


Frequency (cps) 400 400 
Primary imped. 400/80°  8500/80° 
Secondary imped. 260 80° 14000 80° 
Transform. Ratio .7826 1.278 
Max. Error fr. £.Z. 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data. 


Scanalog 
200-Scan 
Alarm Logging 
System 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


7 
INTEGRATING 
TACHOMETERS 


Kearfott integrating ta- 
chometers, special types of 
rate generators, are almost 
invariably provided inte- 
grally coupled to a motor. 
They feature tachometer 
generators of high output- 
to-null ratio and are tem- 
perature stabilized or 
compensated for highest 
accuracy integration and 
rate computation. Linear- 
ity of these compact, light- 
weight tachometers ranges 
as low as .01% and is usu- 
ally better than + .1%. 


TYPICAL 
CHARACTERISTICS 


Size 11 
(R860) 


Excitation Voltage (400 cps) 115 
Volts at 0 rpm (RMS) .......... .020 
Volts at 1000 rpm (RMS) .... 2.75 
Phase shift at 3600 rpm... 0° 
Linearity at 0-3600 rpm .... .07 


Operating Temperature 
— 54° +125° 


Write for complete data. 


KEARFOTT owision 


cP 


GENERAL PRECISION wc. 


LITTLE FALLS, NEW JERSEY 


Midwest Office: 23 W. Calendar Ave., La Grange, II! 
South Central Office: 6211 Denton Drive, Dallas, Texos 


Engineers: Kearfott offers challenging opportunities in West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


advanced component and system development. 


ON TACHOMETERS 
CIRCLE NO. 22 ON INQUIRY CARD 


ON SYNCHROS 
CIRCLE NO. 20 ON INQUIRY CARD 


ON CONVERTERS 
CIRCLE NO. 19 ON INQUIRY CARD 
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COMPONENTS = 
DIGEST 


in place of Rg, in Figure 8. If this bias 
diode has the same characteristics and 
temperature as the back-biased base- 
to-collector diode the leakage currents 
will be equal and the emitter current 
will remain unchanged. 


THERMAL RESISTANCE 


Heat is dissipated from the junction 
through the transistor case to the 
mounting and finally to the air. The 
heat conduction is usually measured 
by its inverse, or thermal resistance, K. 
Thermal resistance is the number of 
degrees of temperature change between 
the point under consideration and the 
heat source per watt of power dissi- 
pated at the heat source. 

For example, a typical thermal re- 
sistance from a power transistor junc- 
tion to its case is 1.5 degrees C/watt. 
The thermal resistance from the case 
to air depends upon the transistor 
mounting to the chassis, the size of 
the chassis, the flow of air, and many 
other factors. A good thermal resistance 





from the junction of an audio power 
transistor to air is 3 degrees C/watt 
(no fan). If the unit achieves this 
figure, it is quite well designed ther- 
mally. 

The thermal resistance, K, played a 
very important part in the thermal 
stability calculations. It is especially 
important because the heating of the 
junction of a transistor has an upper 
temperature limit. The junction can 
be destroyed if, for germanium, it ex- 
ceeds about 100 degrees C, or, for 
silicon, about 200 degrees C. 


OPERATING TEMPERATURE RANGE 


If Ino were always zero, a curve 
of the maximum ambient temperature 
could be drawn, as in Figure 10, as a 
function of the power output and the 
efficiency. In Figure 10, we have as- 
sumed there is no leakage, the output 
is push-pull (almost universal), there 
is no loss in power except in the last 
stage, and thermal resistance, K, is 3 
degrees C/watt. This curve can be 
used as an evaluation aid since it shows 
the largest possible temperature range 
for any set of conditions. The tem- 
perature range is given as a function 
of Tyax (the junction limit), so that 
either semiconductor material could be 
considered. 
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Send TODAY for 
il your GRC Guide Book. 


RODUCER CORP. 


Parts shown 2/3 actual size. 





‘SMALL GEAR USERS 


= — Full specs for Hundreds of Combinations of One- 
ist \\ piece Die Cast Zinc Alloy—spur gears, gear clusters, 
1 Pinions, cup gears—with hub shafts, spacers or 

special features—at little or NO tool cost. 


If you use small gears and pinions it will pay you 
to keep this valuable guide book at your finger- 
tips. It shows parts made by GRC’s interchangeable 
unit die system and exclusive single cavity casting 
e\ techniques; new design flexibility, new assembly short- 
\\ cuts—reduced production and material costs. Maxi- 
mum sizes: 1 5/16” O.D. by 1/16” face width— 


wider faces with smaller diameters. 





World’s Foremost Producer of Small Die Castings 


119 Beechwood Ave., New Rochelle, N. Y. * 


NEw Rochelle 3-8600 
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EFFICIENCY AND DISTORTION 


Efficiency plays an important role in 
evaluating the temperature range. Effi- 
ciency, however, is usually a_trade- 
off against harmonic distortion. Har- 
monic distortion is a measure of how 
well the output wave shape follows the 
input. For example, if the input is a 
sinewave and the output a square 
wave, quite a few harmonics must have 
been generated in the amplifier. To 
measure the total harmonic distortion, 
we would find the percentage of each 
harmonic with respect to the funda- 
mental and we would combine all the 
percentages on an r.m.s. basis. 

Distortion in a transistor amplifier 
is usually traced to the output stage. 
This distortion can be caused by a 
number of factors: 
e Variation of current gain with emit- 
ter current. Table 3 shows a dropping 
off in hy, with emitter current. This 
would have the effect of rounding off 
large signal peaks. 
e Variation of input impedance with 
emitter current. If the source has a 
finite resistance, variations in transistor 
impedance will change the input cur- 
rent. Actually, sometimes variation due 
to impedance can compensate variation 
due to current gain. 
e In a push-pull output stage, even 
harmonics are reduced. If the two 
transistors, however, do not have an 
equal current gain, a lopsided output 
wave will result. Also, if the two tran- 
sistors vary differently with output 
current or temperature, extra distortion 
will result. 
e In a class B push-pull stage, cross- 
over distortion can result. Cross-over 
distortion is caused by drop-off in cur- 
rent gain and increase in input im- 
pedance for small signals. One cure 
for this distortion is a little forward 
bias. This forward bias, however, low- 
ers efficiency. Quite a few circuits 
have been developed to produce a 
small forward bias for small signals 
and a lower, class B, bias for larger 
signals. 

Table 3 shows that both the input 
impedance and the current gain will 
change with temperature. 


FEEDBACK 


One way to decrease distortion is to 
use negative feedback, either around 
a number of stages or locally. Nega- 
tive feedback, however, has the effect 
of decreasing gain and efficiency. A 
rough curve of total harmonic distor- 
tion versus efficiency is given in Figure 
11. This curve was not rigorously de- 
termined and is only meant as a gen- 
eral guide. 
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FREQUENCY RESPONSE 


An important characteristic of the 
transistor amplifier is its frequency re- 
sponse. Frequency response within the 
amplifier is also a factor in using nega- 
tive feedback to reduce distortion. If 
large phase shift occurs within the 
feedback loop, relative instability re- 
sults. Many factors affect phase shift; 
one is the basic transistor itself. Tran- 
sistors have a definite frequency de- 
pendent character which is usually 
measured by its “a cut-off” frequency, 

» The f,, is the frequency at which 
the common base current gain, 2, de- 
cays by 3db. The f,,, for power tran- 
sistors can be as low as 4,000 cycles/ 
sec. 

Other contributions to phase shift 
come from the external circuit. Coup- 
ling capacitors were mentioned in the 
Introduction because a phase lead re- 
sults from the time constant of the 
coupling capacitor and the input im- 
pedance of the following stage. Also, 
the time constant of the emitter re- 
sistor and the bi-pass capacitor causes 
leading phase shift. 

Transformers contribute a_ leading 
phase shift whose time constant is the 
magnetizing inductance at the primary 
over the transformer’s load reflected 
into the primary. To decrease this in- 
ductance, larger transformer cores are 
required. Another contribution can be 
obtained from tuning capacitors. Many 
times maximum power is delivered into 
a resistive load which means that in- 
creased output power can be realized 
by tuning an inductive load (such as 
a motor) with a capacitor. A resonance 
results and, if the Q is not too great, 
the resulting phase shift can be toler- 
ated in narrow band amplifiers such as 
those used in a-c servos. 


NOISE 


Noise in a transistor amplifier can be 
attributed to either noise at the input, 
noise generated internally in the tran- 
sisor, or external noise such as pick-up, 
power supply ripple, and noise from 
the resistors in the circuit. The last 
type of noise is not unique to a tran- 
sistor except that ripple in a current 
supply is harder to eliminate than rip- 
ple in a voltage supply. The best meas- 
ure of noise is the noise figure, F, 
which equals the noise power at the 
output divided by the noise power at 
the input times the amplifier gain. In 
a transistor amplifier, F is generally 
quite flat from about 500-1000 cycles / 
sec. out to the “a cut-off” frequency. 
For frequencies lower than 500-1000 
cycles/sec., F increases at about 3db/ 
octave. Noise in the flat region is due 
mostly to thermal and shot effects. 
Increased noise at low frequency is 
blamed on the recombination of elec- 
trons and holes in the semiconductor. 
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“heart” “My 
of new super-tough alloy 
prolongs mainspring life indefinitely... 


Of far-reaching benefit to users of mechanical timers is 
the development of a special steel which virtually eliminates 
mainspring failure ... a signifgcant “first” by MARK-TIME 
engineers that adds extra sales /features to your product at no 
extra cost. 


Heart of the timer, this impfoved mainspring offers a com- 
bination of strength, durability, and corrosion resistance 
found in no other spring mat¢rial. Tensile strength exceeds 
200,000 psi. Even at abnormally high or low temperatures and 
in severe corrosive atmospherés the new alloy continues to 
demonstrate its superiority. N@w available in most models. 


When the performance of ypur product depends on a me- 
chanical timer, take advantagej of this important engineering 
advance by MARK-TIME. Camplete details by return mail. 


M.H. RHODES, inc 


HARTFORD ppg apt cur 
IN CANADA: M'F'D AND SOLD BY SPERRY GYROSCOPE ieneante LTD. 


Rhodes is currently producing over 3,000 different 
timers. Request our revised reference catalog No. BX- 
233, complete with latest design and application data. 
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New Electromechanical Components 


For Electromechanical Systems 


Rectilinear Transducer 
A new series of high performance, 
ac electromechanical bridge type 
transducers are designed on the vari- 
able permeance principle to sense 
linear position for measurement and 
control use. Five models range from 
approximately 2” to 9” and %” in 
length with the entire length of the 
housing threaded for easy mounting. 
Operation is recommended at 24 volts 
rms maximum, with a carrier frequency 
of 3000 cps. Non-linearity is 0.5% 
maximum or less in the rated range of 
0.25 inches to 4 inches for the five 
models. Output is approximately %4 of 
input for the full stroke displacement 
over rated range. Resolution is step- 
less; repeatability is 0.01% or better; 
phase shift less than 10° with 3 ke 
carrier. Crescent Engineering & Re- 
search Co., El Monte, California. 


Circle No. 195 on Inquiry Card. 


flight approved... 
by Able, Baker and 


3 POLE 30X10 COMMUTATOR, 28 VO 


Sealed Bearing Motor 


A new sealed-in-lubrication, unit-bear- 
ing, low-cost, fractional horsepower 
motor can run continuously for years 
without attention. When this new mo- 
tor is built, and lubricating oil is sealed 
inside the turning-rotor, a patented 
feature, thus cutting down oil oxidation 
to a minimum. The company guaran- 
tees the motor to run five years without 
oiling and laboratory tests indicate it 
should run continuously for ten years 
or more without attention. Character- 
istics of this new motor are: two-pole 
winding, it can be wound for 110 or 
220 50/60 cycle voltage; the unit-bear- 
ing rotor turns on a stationary shaft 
at 3400 rpm without load, 2600 to 
3200 rpm with recommended loads, 
horsepower ratings 1/750 to 1/185; 
temperature range from —10 to 250°F. 
Howard Industries, Racine, Wisconsin. 


Circle No. 131 on Inquiry Card 


Jupiter! 


LT D.C. OR 


115 VOLT 400 CYCLE HYSTERESIS SYNCHRONOUS 


#2 Pole 30 BBM contacts 75% duty cycle, data 


+ 20 minutes arc maximum. 
Sync pole leading edge elec- 


#1 Pole 30 BBM contacts 75% duty cycle, data { Interpole phasing to within 


#3 Pole 30 BBM contacts 50% duty cycle, sync pole 


trically lags data pole. 


MILITARY: MIL-E-5272A, MIL-I-6181B, IRIG 


Temperature —55°C to +85°C j 
— : 0 to 100,000 ft. Continuous 
fibration . 15g 70-2,000 cps 3 major planes ; 
Shock - « « « « 50g 3 major planes Commutation 
Acceleration : 75g 3 major planes 
Service Free Life . Minimum of 500 hours without service from 
Weight, 2,375 pounds Full hermetic case. 
Motor & Power 115 volts hysteresis synchronous 400 cycle less than Pre-launch 
12 watts. 28 volt d.c. ungoverned less than 4 watts. 

Contact Resistance Less than 0.2 ohms total with a lifetime variation of throu h 

. approximately ve yy for the first 500 hours life. g 
Insulation Resistance 100 megohms at 5 » Sz. 
Hi Potential Test. . 100 megohms at 500 V. rms Recovery 







PAM or FM/FM 
COMMUTATOR 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
A Subsidiary of Royal McBee Corporation 


66 Mechanic Street . ° Attleboro, 
CIRCLE 47 ON INQUIRY 


Write for Technical Bulletin 500416 
(DC Motor) or 500417 (AC Motor) 
giving specification data and pricing. 


Massachusetts, U.S.A. 
CARD ; 











Low Pressure Transducer 


Highly accurate pressure transmitter 
guaranteed for a minimum life of ten 
million cycles, uses a simple yet sturdy 
electromechanical sensing system that 
completely eliminates linkages, con- 
tacts and other potential sources of 
trouble. The sensing element is a pre- 
cision Ni-Span-C capsule which, in 
addition to excellent hysteresis charac- 
teristics, allows close-tolerance _ per- 
formance over a wide temperature 
range. Expansion or contraction of the 
capsule with changes in pressure re- 
sults in a small displacement of the 
core of a differential transformer. The 
magnetomotive nature of this trans- 
former provides infinite resolution, and 
the output signal is therefore linear 
and stepless. Various forms of the in- 
strument are available for the meas- 
urement of gage, differential and ab- 
solute pressures. The new cell delivers 
high-level output signals, up to 1.5 
volts a-c, or up to 100 millivolts d-c 
with accessory demodulator. Standard 
ranges available are from 0-1.5 psi to 
0-60 psi, with four intermediate ranges, 
and accuracies of uv to plus-or-minus 
0.15 percent of full range. Manual ad- 
justment of zero and range is simple 
and foolproof. The instrument is wholly 
sealed in a NEMA Class IV housing, 
permitting operation in humid or cor- 
rosive environments. International Re- 
sistance Company, Computer Com- 
ponents Division, Philadelphia, Penn. 
Circle No. 250 on Inquiry Card. 


Two-Channel 
Potentiometer Recorder 


A very compact, low cost dual channel 
strip chart recorder with both pens 
traversing the full width of a 5-inch 
chart. Weight is only 35 pounds. Port- 
able and panel-mount versions are avail- 
able. Interchangeable plug-in input 
chassis on each channel permit various 
recording characteristice to be used. 
Range is adjustable from 0-9 mv to 
0-100 mv. Zero can be set anywhere 
across the chart. Two speeds are stand- 
ard, four speeds optional. Chart-speed 
options range from % in./hr. to 8 in./ 
min. Full span balancing time is one 
second, and accuracy is 1% of full 
scale. Varian Associates Instrument Di- 
vision, Palo Alto, Calif. 


Circle No. 241 on Inquiry Card. 
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Lightweight Pressure Switch 
Sub-miniature, hi-low pressure switch 
weighs 2% ounces, is 3” long, and 
().937” diameter. ‘Ambient temperature 
range is —65° to 300F. Pressure range 
is 10 psi to 4,000 psi. Model 1590 is 
factory-set to actuate at any desired 
pressure level within 10 to 4,000 psi. 
Entire assembly is resistant to cor- 
rosive operating media, such as water- 
alcohol solutions, nitric acid, and hy- 
dro peroxide. Haydon Switch, Inc., 
Waterbury, Conn. 
Circle No. 240 on Inquiry Card 


Hi-Temp Pot 


1-1/16” precision potentiometer, with 
low noise level, has a temperature 
95C to 165C. Linearity is 
©0.3% standard, with closer available 
in specials. Resolution is closer than 
0.2% at 1K. Rated life exceeds 1000 


> 


range of 


hours at 3 watts power. It exceeds MIL | 


environment tests, is available in stand- 
ards, resistances from 100 ohms to 
500,000 ohms, bushing or servo con- 
figurations; also in nonlinears, multi- 
gangs, and specials. Ace Electronics 
Somerville, Mass. 

Circle No. 255 on Inquiry Card. 


Assoc.. 


Variable Transformer 


An all-new 2 KVA series is available 
in open, enclosed, fused, cord-plug and 
enclosed terminal models; single, two- 
and three-gang types; manually-oper- 
ated and in 5, 15, 30 and 60 second 


motor-driven assemblies. They feature | 


waveform distortion, excellent 
regulation and high efficiency. Com- 
mutator surface is rhodium-plated for 
smooth operation and long life. Su- 
perior Electric Co., Bristol, Conn. 
Circle No. 243 on Inquiry Card. 


ZeTO 


Midget A.C. or D.C. Solenoid 


Midget solenoid, available A.C. or 
D.C., intermittent or continuous duty, 


has high power and versatility. Unit | 
has tapered plug and plunger for | 


greater power. Plunger strokes from 
1/16” to %” with a lift of over 41 
ounces. Overall dimensions: 1%” x 1” 
x 1-3/16”. Weight: approximately 3% 
ounces. Guardian Electric Manufac- 
turing Co., Chicago, III. 

Circle No. 167 on Inquiry Card. 
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Style and Size 


ROTARY 


— standard or special — 

to meet your requirements and 

MIL or BuShips specifications 

for simple or complex circuit control. 


multi-pole 


multi-circuit 


Here are typical designs that show 
the versatility of Esco construction. 


Write for Bulletin 8A or call us for details. 


Loads and Circuits — 


SWITCHES 





Single-control 
tandem pair; 
snap-action; 


7 X 19 inches * 
20 inches behind panel. 


75 \ibs. approx. 


Quick-connect 
terminaling for 
snap-on wiring; 


314 inches diameter, 
3 inches behind panel. 


8 oz. approx. 


2-way drive 


by 6-volt solenoids; 
3% inches diameter, 
1814 inches long. 


12 Ibs. approx. 


High-current 


low-voltage tap switch; 
1034 X 1034 inches, 
14 inches behind panel. 


25 Ibs. approx. 


Lever-actuated 
miniature switch; 


1144 X 1% inches. 
114 inches behind panel. 


2 oz. approx. 


| 
| 


200 amps. 500 v. a-c 
6-pole, triple-throw; 

30 amps. 500 v. a-c 
20-pole, triple-throw. 


10 amps. 125 v. a-c 
single-pole 
4-position; 
snap action. 


10 amps. 
125 v. a-c 
34 poles, 
2 positions. 


150 amps. 6 v. a-c 


6-pole 


12-position. 


3 amps. 125 v. a-c 


4-pole 


3-position. 





3-gang, gear-drive 
single-control switch; 
6% X 7Y%, inches X 

14 inches behind panel. 


25 Ibs. approx. 








5 amps. 125 v. d-c 


75 poles 
2 positions. 


ELECTRO SWITCH CORPORATION 


ue 


ESCO o: WEYMOUTH 


Weymouth 88, Massachusetts 
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ALLARD ELECTROMAGNETIC INDICATORS 
GIVE YOU POSITIVE SIGNALING 
IN MITE-SIZE PACKAGES 


Designed expressly for compact instruments and control panels, Allard 
miniature indicators meet the most critical requirements for small size, low 


power drain, positive performance in extreme environments. 


Unlike lamp signals they are not subject to burnout, provide high readability 
even in strong incident light. What’s more — Allard indicators offer unparal- 


leled application flexibility, permit complex indications without the need 
for relays or grouping of multiple units. 


Typical of the wide range of Allard signals available for demanding air- 
borne or ground service are those shown here. All can be supplied to meet 
most specifications for display, operating voltage and mounting, in models 


for either military or industrial applications. 







TYPE 110 TYPE 101 


TYPE 103 TYPE 109 


TYPE 101: TYPE 103: TYPE 109: TYPE 110: 


If your design demands visible signals, you’ll want to have full technical 
and application information on the complete line of Allard indicators. 


Write for data folder today 


ALLARD INSTRUMENT CORP. 


146 East 2nd Street * Mineola, Long Island, New York « Ploneer 6-5895 
CIRCLE 50 ON INQUIRY CARD 


















Solenoid-Operated 
Rotary Switch 


New solenoid-operated switches pro- 
vide for remote control of multiple 
circuits with a compact rotary switch 
mechanism. Up to five poles, in a 
tap switch arrangement having 
twelve taps per pole, can be sup- 
plied. Solenoid coils are availab‘e for 
d-c voltages ranging from 6 volts to 
230 volts. Self-interrupting contacts 
as well as suitable rectifiers for a-c 
operation are also available. The 
solenoid requirements in terms of 
available power supply, pulsing 
method (mechanical and/or electri- 
eal), frequency of operation, num- 
ber of operations, and ratio of ener- 
gized time to de-energized time are 
arranged to customer specifications. 
All current carrying parts are silver- 
alloy material assuring low contact 
resistance for the life of the switch. 
Insulation is molded alkyd type MAI- 
60, per MIL-M-14E. The hasic switch 
is designed to meet MIL-S-3786. Elec- 
tro Switch Corporation, Weymouth, 
Mass. 
Circle No. 157 on Inquiry Card. 














Miniature Torque Pickup 


New miniature torque pick-ups are 
available for a variety of low torque 


measurements in laboratory testing and. 


product measurements. Typical sensi- 
tivities of standard models are 50, 100, 
and 250 inch ounces full scale, with 
useful speed ranges up to 10,000 rpm. 
Applications include: testing and de- 
sign of small motors, gyros, selsyns, 
synchros, and actuators; evaluation of 
gear trains and servo systems; low 
torque dynamometer tests and similar 
measurements. Electrical sensitivity of 
the pickups is twr millivolts per volt. 
The shaft mounts a 120 ohm full bridge 
strain gage. Solid silver slip rings and 
silver graphite brushes hold thermo- 
electric voltages below two microvolts, 
peak to peak, at full speed of 10,000 
rpm. Dimensions are: length, excluding 
shaft extensions, 434”; width 3”; base- 
to-shaft height, 2%”. Lebow Associ- 
ates, Detroit Michigan. 


Circle No. 154 on Inquiry Card. 
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Stable Size 8 Synchro 


New 400 cycle synchro control trans- 
former has minimum error variations 
from —55C to +125C. It has stainless 
steel housing and all molded parts are 
made from special material with high 
impact strength, excellent dimensional 
stability, superior heat resistance and 
good electrical properties. Input volt- 
age is 11.8V, input current 0.030 amps, 
input watts 0.073w, output voltage 
22.5V, phase shift 8.5° (lead), rotor 
resistance 3.6 ohms, stator resistance 
67 ohms, Z,,500 + J1937 ohms, Z,, 
79 + j350 ohms, Z,,, 594 + j182 ohms, 
null voltage 30 mv and max. error 
from E.Z+7 minutes. John Oster 
Manufacturing Co., Racine, Wisconsin. 
Circle No. 152 on Inquiry Card. 


Transistorized Servo Indicator 


Designed to operate where high input 
impedances are required, the Model 
20-200-4 aircraft servo indicator, using 
silicon transistors, has an input im- 
pedance of 100,000 ohms to 1 megohm. 
Completely contained in a MS-33639 
2 inch diameter by 5 inches long her- 
metically sealed case, the indicator will 
operate in an ambient temperature 
range of —55C to +70C. It has a 
sensitivity of 0.1%, a gain of 10,000 
and a slewing time of approximately 
4 seconds for full scale. Self-contained 
power supply operates on an input of 
115 volts, 400 cycles. Includes a wide 
selection of dial configurations, a high 
speed vernier sub-dial, counters and 
integral lighting. Servo Development 
Corp., Westbury, L.I., N.Y. 
Circle No. 252 on Inquiry Card. 


Tiny Rotary Switch 


New rotary switch weighing less than 
3 ounces and measuring only 1.5 inches 
long and 1.375 inches in diameter is 
said by the manufacturer to cut down 
the space formally required for ordi- 
nary relays by 80%. It can be used 
for stepping, counting, programming, 
circuit selecting and homing. A low- 
cost unit with built-in ability, meeting 
all applicable environmental tests of 
MIL-E-5272B, it can be either self- 
stepped or externally impulsed. It is 
actuated by a rotary solenoid and can 
hold up to four 12-position circuit 
wafers, with 2-, 3-, 4-, 6- or 12-electri- 
cal position selective control. Wire 
sizes are available to accommodate 3 
to 300 volts D. C., 1,000 volts VRMS 
Hi-pot. Hermetically sealed models 
available. G. H. Leland, Inc., Dayton, 
Ohio. 

Circle No. 251 on Inquiry Card. 
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PREVENTS R/F LEAKAGE 
Metal-to-metal contact with “engraved 
fingers’ on inside surfaces assures 
electrical continuit 


UILy 


PROVIDES NO-LEAKAGE SEALING 
Controlled confinement of seal gland 
assures Safe, sure, positive sealing 
exceeds top hermetic specs! 


ELMINATES ARCING AND/OR BURNING 


Designed to exacting requirements for 


proper mating of flanges as specified 


CAN BE RE-USED 


Seal is never ‘squeezed d 
elastic limits, “memory” is constant, 
before, during and after fastening 


ECONOMICAL 

Eliminates cleaning or resurfacing 
flanges, no intricate machining required 
to accommodate the seal, and they're 
resuseable with just normal care 
STANDARDS FOR W/R SERIES 
Electr-0-Seals are available as standards 
to WR series Wave Guide flanges, 
assuring adequate supply and economy. 


nd 


oC 


evo 


In addition to the standard WR series wave 
guide flange seals 
also makes special seals to meet almost 
any specification or configuration. A nation 
wide group of field engineers are available 


Parker Seal Company 


aid in expediting your requirements. 


For more complete information send for 
catalog 5801 


eo) rker SEAL COMPANY 


ulver City, California and Cleveland, Ohio 


A DIVISION OF PARKER-HANNIFIN CORPORATION 


CIRCLE NO. 27 ON INQUIRY CARD 














































New Electronic Components 


Low-Power Ten-Bit 
Magnetic Shift Register 


Unit is available in several repetition 
rates from 10 KC to 400 KC. This 
compact module is complete with 
Shaper-Driver and mating connector. 
Output signal with a minimum of 25:1 
One:Zero ratio. The low drive require- 
ments permit a 100-milliampere shift 
pulse with only 5-volt peak drop across 
200 bits. Two-hundred bits of register 
(20 cards) fit in a Standard DI/AN 
housing 3%” high in a standard relay 
rack. The register operates from one 
voltage with a +15% tolerance. The 
SRA-10 family is available in six or 
twelve volts up to 100 KC and in 12 
volts for the 250 and 400 KC units. 
Standby power is .06 watts for the ten 
stage register and driver. At rated 
repetition rate for all ONE’s, the power 
consumption is 1.2 watts. Power con- 
sumption is proportional to the number 
of ONE’s shifted per unit time. DI /AN 
Controls, Inc., Roxbury, Mass. 
Circle No. 247 on Inquiry Card. 


For Electromechanical Systems 


Random Noise Generator 


An extremely versitile instrument, 
capable of generating wide-band 
noise of an uniform spectrum level, 
a random noise generator has many 
applications for electrical and me- 
chanical testing. A  gas-discharge 
tube is used as a noise source; a 
magnetic field, applied to the tube, 
serves to eliminate oscillations usual- 
ly associated with a gas discharge. 
Noise output is amplified in a two- 
stage amplifier, which features noise- 
spectrum shaping filters controlled 
by a three-stage front-panel switch. 
The 20 ke setting introduces a low- 
pass filter providing a gradual roll- 
off above 30 ke, the 500 ke setting 
inserts a low-pass filter that rolls off 
above 500 ke, and in the 5 mc set- 
ting is a peaking network that com- 
pensates for the drop in noise output 
from the gas tube at high fre- 
quencies, so that a good spectrum 
can be obtained. General Radio Co., 
West Concord, Mass. 


Circle No. 256 on Inquiry Card. 


Choose From The Widest Variety 
Of Thermocouple Wires 







<<}, SOAS 


Thermo Elect rie vs: 


SADDLE BROOK, NEW JERSEY 


Over 1500 
Different Types 


T-E’s tremendous variety of thermocouple 
extension wires assures you quick delivery 
of every type and size—from one reliable 
source. Dependable quality control is also 
assured by T-E’s own complete facilities 
for wire drawing, insulating and calibrat- 
ing. T-E duplex wires come in solid or 
stranded construction, in all standard cali- 
brations. The latest types of insulation 
and metallic armor overbraid protect them 
from all atmospheric, chemical and abra- 
sive conditions. From 6 to 56 pairs of T-E 
thermocouple leads can now be installed 
at one time with the new ““Thermo-Cable”’. 
Also available—a complete selection of 


“MIL”- Spec Wire. 


See Our Full Line— 


Write for Wire Bulletin 32WS-8 


in Canada: 
THERMO ELECTRIC (Canada) LTD., 


Brampton, Ont. 
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AC Voltage Regulator 


cool- 


Competely transistorized, a 
running ac voltage regulator pro- 
vides a miniature, frequency insensi- 
tive source in a plug-in package. 
This new component is intended to 
replace heavier, larger, rack-size 
sources that use magnetic amplifiers 
or frequency sensitive transformers. 
Operating at 55-65 cps., 105-125 vac 
input and providing regulation of 
+1% half load to full load, three 
models are available with outputs of 
115,6.3 and 12.6 vac at 1,10 and 5 
amps respectively. Models meet the 
military requirements of MIL-E- 
582A. Electronic Assembly Co., Rox- 


bury, Mass. 
Circle No. 248 on Inquiry Card. 
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Electromechanical Switches 


All you need to know about design 
selection and application of electro- 
mechanical switches are in this 24-page 
reprint of Components Digest 8, Parts 
I and II. Supply is limited. Fifty cents 


‘per copy. Check or money order must 


accompany order. 

Write to: Reprint Editor 
ELECTROMECHANICAL DESIGN 
1357 Washington St. 
W. Newton, 65, Mass. 


Precision Spring Design 


16 pages detailing the complete design 
procedure for precision compression 
and extension springs. 2 sample prob- 
lems, 1 for precision compression and 
1 for precision springs, worked out in 
detail on typical design procedure 
work sheets. 9 tables, 13 graphs, 3 
nomographs, 4 detailed drawings, 2 
worksheets. 
Price: 50 cents each — 3 for $1.00 — 
8 for $2.00. Check or money order 
must accompany request. 
Order from: Reprint Editor 
ELECTROMECHANICAL DESIGN 


1357 Washington St. 
W. Newton 65, Mass. 
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High-Power Silicon Rectifier 


New series of light-weight high-power 
silicon rectifiers (Type-300) is now 
available in nine peak-inverse-voltage 
ratings from 50 to 500 volts. The her: 
metically-sealed cells can be used to 
provide up to 70 amperes of forward 
direct current. The high-current units 
weigh less than three ounces. Rugged 
construction, long life, high efficiency, 
good regulation and the ability to oper- 
ate in high ambient temperatures—up 
to 190 degrees C junction—are features 
that allow the cells to be used in air- 
craft and missile or industrial applica- 
tions. Maximum reverse current is 30 
milliamperes at rated peak-inverse- 
voltage. The rectifier case is the posi- 
tive (cathode) terminal and is nickel 
plated to maintain low contact  re- 
sistance. A %-inch threaded stud on 
the case permits mounting of the units 
in any position. The Type 300 cells 
are also available in complete bridge 
assemblies. Westinghouse Electric 
Corp., Pittsburgh, Pa. 
Circle No. 205 on Inquiry Card 














Transistorized Converters 


DC to de and de to ac converters for 
the direct replacement of dynamo- 
tors in both military and commercial 
equipment e'iminate the problem of 
brush replacement so common in 
equivalent rotating machines; they 
run for thousands of maintenance- 
free hours. They include a built-in 
AC blower which is entirely main- 
tenance-free. Characteristics are: 
length §8-5/16", diameter 4-1/8” 
weight 7.75 pounds, input voltage 
22.0 VDC to 30.0 VDC, input cur- 
rent less than 25 amperes, output 
voltage 1,000 VDC, output current 
0.5 ampere, duty cycle continuous, 
operating temperature —55C to 
+85C under full load and continu- 
ous duty, ripple vo'tage less than 6.0 
volts RMS. Regulation 14% maxi- 
mum from zero to full load. The 
unit will withstand an over voltage to 
34.0 VDC input for five minutes. It 
is efficiency rated for more than 
2,500 hours of continuous duty. 
Daven Company, Livingston, N. J. 
Circle No. 170 on Inquiry Card. 
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...and at three times their 












Cramped quarters 
don’t cramp the style of 
ADVANCE midgets and 
miniatures. You can use 
them on loads from 1 to 


10 amperes continuously 


rating intermittently — 
with complete safety. 
They'll resist shock and 
vibration... stand up 
under temperature 
extremes. You'll find them 
readily adaptable to any 
mounting need... any 
type of duty. 


Some examples: 





2435 NO. NAOMI 








from your local 
Elgin-Advance Distributor 


ELGIN-ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 


CIRCLE NO. 43 ON INQUIRY CARD 


MK SERIES 


Extreme light weight and small size 
—requires only .5 cu. in. mounting 
space. Switching is above ground, 
insulation material is silicone glass. 
Beryllium copper armature hinges 
provide stability under shock and 
vibration. 

























TQ SERIES 


Only .94 cu. inches in size, yet this 
relay carries 3-amp. loads in any 
combination up to 6 PDT. Mechani- 
cally secured throughout, it’s 
extremely efficient. Non-gassing in- 
sulation. Withstands 106 vibration. 
Temp. range: —50° to +85°C. 


GH SERIES 


Engineered for high efficiency in 
thousands of applications. The small 
size of these midgets allows installa- 
tion where space is a problem. Avail- 
able in open types, 5- and 10-amp. 
ratings...in dustite plastic enclo- 
sures, 5 amps., and 5-amp. plate cir- 
cuit types. 






ST., BURBANK, CALIF 
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put £./41,.242 in your designs 
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Type SMF 


HEINZE 
UNIVERSAL 
MOTORS 


When you want power in compact 
series motors, Heinz@ Universal Mo- 
tors provide high starting torque, var- 
iable speed, reversibility and high 
output. Originally developed for sew- 
ing machines and office machines, 
they are extremely flexible in design 
for a variety of uses not requiring con- 
stant speed. Flat sided models are es- 
pecially adaptable for limited space. 

Horsepower ratings are from 1/10 
to 1/30. Load speed is 7,500 rpm. 
Standard voltage rating is 115V, 
AC/DC but motors are supplied for 
other voltages in AC or DC. Rotation 
is CW, CCW, or reversing. Optional 
mounting arrangements include 
tapped holes on flat side. 

Send coupon for new catalog on 
Heinze Universal Motors — plus the 
complete line of Heinze sub-fractional 
horsepower motors and blowers. 


ELECTRIC COMPANY 
685 Lawrence St. 
Lowell, Massachusetts 


Heinze Electric Company 
Dep’t ED 685 Lawrence Street 
Lowell, Massachusetts 


Please send new catalog on Heinze sub-fractional 
motors and blowers. 
Name & Title 
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New Mechanical Components 


For Electromechanical Systems 


Limit Stop Assembly 


Compact heavy duty limit stop Assem- 
bly available from stock and made to 
MIL specifications are available in both 
ball bearings and oil-less bronze bear- 
ings with a wide range of mechanical 
stop limits from 30 degrees to 4,530 
degrees. The units are self-adjustable 
for fine “zero” adjustment. They are 
good for stopping torques up to 500 in. 
oz. Detailed information and prices are 
contained in new 416-page PIC Mas- 
ter Catalog #20a. PIC Design Cor- 
Compact heavy duty limit stop assem- 
poration, East Rockaway, L.I., N.Y. 
Circle No. 159 on Inquiry Card. 


Pressure-Contact Terminal Blocks 


A vise-like grip on each wire of 
through-connected pairs, eliminating 
soldering and providing extra safety 
against accidental shocks, characterizes 
the rugged pressure-contact terminal 
blocks designed for heavy-duty uses. 
Type 9-85 blocks are of one-piece con- 
struction, molded of general-purpose 
phenolic, or can be supplied in plastics 
as per MIL-M-14E. Top and bottom 
are closed with molded plastic so that 
no “live” metal is exposed. Wires are 
inserted from both sides of the block 
and a center bridge prevents wire leads 
from going all the way through. Wires 
can be disconnected from either side, 
while wires on opposite side remain 
connected. Each terminal position has 
two pressure-contact set-screws in con- 
junction with thick cross-section cop- 
per-bronze contact members, facilitat- 
ing threading and assuring a good, 
deep, positive thread that cannot strip 


under normal torque. Kulka Electric 


Corp., Mt. Vernon, N. Y. 
Circle No. 161 on Inquiry Card 


Low Frequency Mounting System 


A dual suspension concept, combined 
with MET-L-Flex stainless steel, re- 
silient cushions, results in all-metal 
mounting system which provides ex- 
cellent protection above 10 cycles per 
second, a range which had previously 
resulted in damage to equipment. High 
inherent damping factors (15%-20% 
of critical) plus nonlinear spring rate 
of the cushions provide consistently 
high levels of equipment protection. 
The base unit supports the entire 
equipment, providing isolation in the 
three principal planes, while the stabil- 
izer unit affords additional protection 
from horizontal forces, thereby assur- 
ing attenuation of shock and vibration 
forces from any direction. Robinson 
Technical Products, Teterboro, N.]. 


Circle No. 148 on Inquiry Card 


Packaged Precision Drive Units 


Precision drive units are complete in 
themselves eliminating the need for 
separate drive components such as in- 
dicators, dials, knobs, gears, etc. Three 
types are available: type PDW-1 is a 
precision drive, worm gear type unit 
affording the highest degree of ac- 
curacy. The mechanism utilizes a 180-1 
ratio which allows direct dial readings 
of 1 min. of arc; the DSD-2 dual speed 
drive unit is a precision gear reducer 
with accuracy of 6 min. of are or bet- 
ter. Compact DSD-2 drives feature an 
inner dial for coarse positioning, an 
outer dial for fine positioning, plus in- 
line input and output shafts with no 
backlash; DSD-3, economical dual pre- 
cision drive unit has accuracy of 12- 
min. of are. Technology Instr., Acton, 
Mass. 
Circle No. 153 on Inquiry Card 


























































Brush Holder 





new captive holder for carbon 


brushes incorporates cap and _ holder 
with or without metal 
lower cost, one-piece assembly. This 
component is available in various sizes 
and types with optional insulating ma- 
terials. Midwest Molding & Mfg. Co., 
Gurnee, Ill. 


inserts, for a 


Circle No. 188 on Inquiry Card. 
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Servo-Motor Gearheads 


Planetary gearheads are available with 
ratios up to 2500:1 with a torque rat- 
ing of 25 oz. in. and maximum back- 
lash of 10 minutes. The overall length 
of only 0.800” is an important feature. 
Spur units are available with ratios up 
to 4090:1. In the low ratio series up to 
37:1 two overall lengths are offered: 
0.500” for a torque rating of 25 oz. in. 


and 0.609” for a torque rating of 50 
oz. in. The maximum backlash is 15 
minutes. All units in the higher ratio 
series from 38:1 up to 4000:1 have a 
torque rating of 50 oz. in. and maxi- 
mum backlash of 30 minutes. All gear- 
heads are guaranteed for 2000 hours 
operating life and are available as 
complete units assembled to size 11 
BuOrd servo-motors. U.S. Gear Corp., 
Wakefield, Mass. 


Circle No. 179 on Inquiry Card. 





High Temperature 
Ceramic Bushings 


Ceramic bushings capable of with- 
standing 2000 deg.F. continuous op- 
erating temperatures, are now avail- 
able in a wide range of sizes held 
to micro-thousandth tolerances. The 
bushings are available in diameters 
ranging from 12.00” O.D. down to 
.028”. Standard tolerances are held 
to plus or minus %%, and as close 
as p'us Or minus .0002” both on dia- 
meter and wall thicknesses. Duramic 
Products, Inc., Palisades Park, N. J. 


Circle No. 171 on Inquiry Card. 
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Comar saves you time and money on 





Wealsodo our 
own plating 
and painting. 
Diagrams, 
ba etc., imprinted 


onenclosures. 


PRECISION ENGINEERED 





Ww operate our own hermetic 


sealing division, equipped with 


the newest sealing and testing 
devices, staffed by experts 


skilled in this special field. 


omplete facilities and know-how to produce 
dependable sealed relays for every requirement. 
Our engineers will custom-design a relay 
to meet your needs, or work from your own 
specifications. Save time and money... get your 
sealed relays from Comar. Prompt attention 
given to all inquiries. No obligation. 
Comar Electric Co., 3349 Addison St., Chicago 18, III. 


RELAYS 
SOLENOIDS 
COILS 
SWITCHES 
HERMETIC SEALING 


SEND FOR DETAILS AND CATALOG 
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new way to make products 
better, more efficient...@ 


ACE PRECISION _ 








NYLON BALLS 


Precision manufactured from DuPont Nylon Resin 
to close tolerance of +.001 on diameters and .001 
on sphericity, Ace Nylon Balls give design flexi- 
bility and production economy. Light in weight... 
tough at low temperatures...stable at high tem- 
peratures...resistant to corroding chemicals such 
as sulphuric acid, etc.:..almost abrasionproof... 
these mass-produced balls have hundreds of indus- 





trial applications. Come in 14 standard sizes from 


4%" to %”". 


Complete facilities for fabrication of plastic parts 
for all industries. Estimates submitted promptly on 
receipt of blueprints or specifications. 


Write for Bulletin N, samples, price list, TODAY. 


EXTRUSION MOLDERS 
AND FABRICATORS 











ACE PLASTIC COMPANY 


91-44 Van Wyck Expwy., Jamaica 35, N.Y. JAmaica 3-5500 





NEW $49.95 KIT 
MOVES YOU FROM 


SCHEMATIC TO CIRCUIT 
FAST & RELIABLY! 


Here’s an all-in-one tool for 
prototype and small production 
runs that makes it simple to i 

organize and mount circuitry in compact, planes. It quickly swages Alden 
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terminals, eyelets, brackets and tube sockets, and punches .101” terminal 
holes in Alden XXP phenolic cards or any 1/16” cold punch card. You can 
make up circuitry turrets in minutes — complete with terminals, brackets 






Does 
ALL 
these 
operations: 


and sockets. 


TERMINAL HOLES 














RESISTOR BOARDS 





TURRETS VERTICAL PLANE CIRCUITS PLUG-IN UNITS 


SAVE $10 on kit over individual part prices. Contains Alden Universal Stak- 
ing Tool and assortment of prepunched terminal cards, terminals, tube 
sockets, brackets and eyelets to get started immediately. Order Kit #42 — 
$49.95 complete. 


ALDEN PRODUCTS COMPANY, 1138 North Main St., Brockton, Mass. 
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MECHANICAL 
COMPONENTS 





Lightweight Slip Clutch 





A sub-miniature, adjustable slip clutch 
designed for devices requiring pre- 
cision overload protection has a wide 
torque range of 0 to 100 in./ozs. with 
repeatable break-away torque. Other 
features include: no backlash, chatter, 
or galling; corrosion resistant materials; 
0.630” dia. x 0.450” long; 0.03 Ib. 
weight; concentricity to 0.0003”. 
Northern Union, Inc., Arcadia, Cal. 


Circle No. 191 on Inquiry Card. 











A new method of providing fast, 
solderless connections between wires 
and component leads has been de- 
veloped by engineers at Plastic Asso- 
ciates. A junction cell consists of a 
gold-plated eyelet and a long-wearing 
rubber core. When the core is pu‘led 
upward, the rubber stretches, allow- 
ing wires to be easily slipped inside 
the eyelet. When the rubber core is 
released, it grips the wires or com- 
ponent leads, pressing them firmly 
against the gold-plated surface and 
establishing an electrical contact of 
essentially zero resistance. Previous [ 
methods of providing fast, tempo- 
rary connections of this type have 
generally depended on_ gripping 
the exposed wires between two op- 
posing metal faces, as in the case 
of most clips, screw terminals and 
similar devices. This has caused trou- 
ble when the wires are of differing 
diameter since a larger wire “springs 
open” the holding device. The new 
junction cell solves this problem by 
gripping the wires between the metal 
surface of the eyelet and the soft, 
resilient rubber core which shapes 
itse’f around each wire, no matter 
what its size or shape. The rubber 
provides a firm gripping action that 
is essentially immune to vibration or 
shock. Plastic Associates, Laguna 


Beach, Cal. 
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ELECTROMECHANICAL DESIGN 
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